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PROJECTED CHARECTERISTICS OF LARGE COAL 
LIQUEFACTION COMPLEXES 

i. I~RODUCTION 

~Ve appreciate the opportunity to discuss with you today some elements of our 

judgmental concepts regarding general characteristics of large industrial 

complexes that might be constructed to produce "zlean" liquid fuels from 

coal. We emphasize that at this stage of development these are judgmental 

concepts toward plant definition and economics; they are subject to con- 

firmation when we have con~leted detailed studies and designs. 

~Tnile our input to the Project Independence Blueprint (PIB) program was 

prepared under short deadline pressure, the results represent a distillation 

of the knowledge and experience gained during the course of approximately 

two years of performance during which The Ralph M. Parsons Company began our 

current role as Technical Evaluation Contractor for the Office of Coal 

Research (OCR). We gratefully acknowledge the support and guidance provided 

by OCR during the course of our ~rk. 

During this time Parsons has essentially completed three preliminary designs 

for separate coal liquefaction process schemes. The "Demonstration~Plant ,, 

design based on processing 10,000 tons per day of coal to produce approxi- 

mately 25,000 barrels per day (BPD) of liquid fuels using a modified Solvent 

Refined Coal (SRC) technology is a matter of public record [see OCR R&D 

Report No. 82 - Interim Report No. I). The other design reports are being 

finalized. 
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The characteristics of the very large coal conversion facilities that we will 

discuss today represent the results of rapid modification and extrapo]ation 

of prior preliminary designs; Parsons was asked by PIB to define characteristics 

of two coal conversion facilities, each to produce i00,000 BPD of liquids plus 

significant high Btu gas (SNG). The following sections describe the objectives 

of our work and projected key characteristics of these facilities. In some 

respects the information presented here will differ from that published in the 

June i, 1974 and July $, 1974 Synthetic Fuels-Task Force Reports. 

if. OBJECTIVES 

~ae objectives of our PIB work are summarized in the attached Figure i. In 

summary, the objectives encompass rapid olanning-type definitions of facility, 

economic input requirements, and national performance limitations. 

To properly assess these objectives, it is helpful to place the size of the 

facilities in perspective along witi~ the degree of extrapolation from the 

current experience base in coal conversion ~lants. The two plants considered 

in our PIB work required approximately 6O,~GO and 140,000 tons per day of 

feed coal. Let's compare these feed rates with two examples of prior indus- 

trial coal conversion experience. The Germans, during World War If, operated 

a number of coal liquefaction plants feeding approximately 600 tons per day 

of coal per single-line unit; these used the Berguis process. In another 

case, the SASOL plant now using the Fischer-Tropsch technology feeds approxi- 

mately 5,400 tons of coal per day. In the U.S., the largest coal liquefaction 

pilot plant in the public sector has a capacity of approximately 30 tons of 

coal per day. However, on the positive side, we will see in a following 

section that the majority of process units in these facilities have been in 
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use on a large cor~ercial scale in the petroleum and petrochemical industries; 

experience is fortunately available to us for design of the large coal 

conversion plants. 

iil. CHAP~CTER!ZATiON OF LIQUID FUEL-PRODUCING FACILITIES 

There are several ways that liquid fuels can be produced from coal. 

include: 

These 

(I) Hydrol iquefaction 

(2) Indirect Liquefaction (the principal example uses 

Fischer-Tropsch technology 

(3) P>Tolysis. 

Because of time limitations, the principal discussion here will center on the 

}rocedure to liquefy by hydroliquefaction. Sfhere appropriate, information on 

the Fischer-Tropsch technology will be included. 

IV. ~TERIAL FLOWS 

The quantities of material flows for the oil/gas modified SRC coal liquefaction 

facility are shown in the attached Figure 2. As shown, materials and energy 

inputs to the facility would consist of coal, air, water, and electricity. 

Approximate input quantities are 60,000 tons per day of clean, washed, high- 

sulfur coal; 12,000 tons per day of oxygen; approximately 150,000 tons per day 

of water (equivalent to 110 acre-feet per day) and 300 megawatts of electrical 

power. Products expected include 100,000 BPD of liquids containing approxi- 

mately 0.4 weight percent sulfur and approximately 580-million standard cubic 
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feet per day of SNG. Based on use of 3-1/2% by weight of sulfur content of 

the feed coal, approximately 2,000 tons per day of sulfur would be produced. 

A similar materials flow summary for a large Fischer-Tropsch facility is 

shown on the attached Figure 3. In this case, a design concept was adopted 

which resulted in production of significantly more SNG. As a result of this 

fact, plus the lower thermal efficiency of a Fischer-Tropsch type facility, 

the feed coal would be approximately 140,000 tons per day. In addition to 

coal input, the facility would require approximately 40 acre-feet per day of 

water, 49,000 tons per day of oxygen and 900 megawatts of electrical energy. 

Principal products are i00,000 BPD of liquid with nil sulfur content and 

approximately 1,700-million standard cubic feet per day of SNG. Sulfur by- 

product would amount to approximately 4,850 tons per day. 

The above information summarizes the large materials flows involved in these 

complexes. By comparison, the large coal gasification facilities now being 

planned for the western U.S. would produce approximately 250-million 

standard cubic feet per day of SNG. Therefore, the coal liquefaction complex 

described in Figure 2 would have an SNG output 2-i/3 times that of current 

commercial SNG plant plans whereas the Fischer-Tropsch plant would produce 

more than 6-I/2 times as much. 

V. DESCRIPTION OF FACILITY 

The attached Figure 4 shows an artist's conceptual drawing of what a large 

coal liquefaction plant would look like. This is an adaptation of earlier 

work for the 10,000-ton-coal-per-day Demonstration Plant design and is 

included to illustrate the nature of the principal elements of this t>~e of 

facility. 
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We estimate that the !00,000-BPD complex would occupy approximately 

~,300 acres, or 2 square miles. Additional land would be required for a 

buffer zone surrounding the plant proper. Because of the quantity of water 

required~ it should be located close to an adequate water source. For 

comparison purposes, it would use approximately four times as much water as 

the !~ge gasification plants being planned for construction in the western 

U.S. 

V!. PROCESS CHARACTERISTICS 

A summary of the eleven primary process steps involved in a plant to liquefy 

coal to produce low-sulfur liquid fuels is given in the attached Figure 5. 

~%is stm-mnary is of particular interest because it shows that six of the 

process steps have been commercially demonstrated in related mining, petro- 

le~, and petrochemical technology, lfhile there are some modifications 

fired to assure performance in a coal conversion complex, they represent 

an extension of "known~ technology rather than radical new development=. ~nose 

sZeps peculiar to coal liquefaction and coal-based SNG production development 

are centera<i in the five following units: 

Unit 3 : 

Unit 4 : 

Unit 5 : 

Unit 9 : 

Unit ii : 

Coal liquefaction (dissolving) 

Mineral separation (solids separation) 

Liquids hydrotreating 

blethanat ion 

Coal/coal residue gasification 

Comments on the development or commercial status of each of these steps are 

given in Figure 5. 
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VII. SCHEmaTIC PROCESS PRESENTATION 

The attached Figure 6 schematically depicts ho~¢ the separate process steps 

previously listed work together. It also shows the flow of coal and inter- 

mediate products through the complex. Since our time is limited, we must 

refer you to published information for more detail on this subject. 

V I I I .  LOCAL ECONOMY IN INFRASTRUCTURE INTERACTION 

For p l a n n i n g  p u r p o s e s ,  we e n v i s i o n  t h a t  t h i s  t ype  complex would p r o v i d e  

direct employment to approximatel/ 2,200 personnel. Employment to staff the 

mining and transportation activities would be in addition to this. Based on 

expected economic multipliers for a high-i:~come developed economic area, the 

process facility would then provide emplo>~ent for more than 6,000 people. 

~-~e inference is that the total population center supported by this facility 

would be of the order cf 25,000 plus. The economic multiplier for indirect 

support employment would be greater than the above in less economically 

developed areas of t~e country. 

IX. ENVIRONMENTAL FACTORS 

Probable major plant effluents leaving thi3 complex are waste solid, waste 

water, and gaseous streams. Waste solids consist of gasifier slag and coal 

refuse amounting to about i0,000 tons per day which is returned to the mine 

for burial. Liquid water waste amounts to about 38,000 tons per day of 

treated process, cooling tower, and boiler blowdown water. Finally, approxi- 

mately 120,000 tons per day of various combustion and purified gases are 

released to the atmosphere. These effluents are judgmental, based on 
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prior analysis of the environmental factors for the I0,000 tons per day 

Demonstration Plant. 1 

We have recommended that the quantities and compositions of effluents be 

further confirmed by the results of operation of pilot plant facilities 

during the course of the next several years. 

There is no reason to ex-pect that this type of facility will not meet current 

environmental standards. 

X. APPROXi~L<TE ECONOMICS 

The economic projections that follow are based on judgmental decisions 

regarding process and equipment improvements expected during the course of the 

next five years; we originated some of these judgments and others were supplied 

to us by OCR personnel. We recommend that the development program be so 

directed to confirm or deny that these projected improvements are realistic. 

An example would be investigation of the means of speeding up the coal lique- 

faction rate to increase the production capacity or, saying it another way, 

requiring significantly less steel to produce a barrel of liquid product. 

All economics given are based on mid-!973 dollars. 

Based on the parmmeters used, a judgmental estimate is that the fixed capital 

investment for a lO0,O00-barrel per day liquid coal liquefaction facility 

would cost on the order of $I billion, mid-1975 basis. The potential gross 

production cost excluding interest and depreciation allowance is projected to 

lO'Hara, J.B. eta!., "Enviror~enta! Factors in Coal Liquefaction Design," 
Paper presented at EPA S~posium on Environmental Aspects of Fuel Conversion 
Technology, May 14, 1974. 
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be approximately $0.74 per million Btu based on use of $7.25 per ton coal 
0 

cost. The projected product selling price is $1.22 per million Btu based on 

a 12% discounted cash flow for a debt/equity ratio of 75/25 and an interest 

rate of 9%. 

In comparison, a Fischer-Tropsch facility with the product capacity earlier 

described in Figure 3 might have a fixed capital investment requirement of 

$2 billion, mid-1973 basis. The projected production cost is approximately 

$0.84 per million Btu. The required selling price, same basis as listed in 

the preceding paragraph, is $1.37 per million Btu. Additional details 

describing the economic parameters are listed in the attached Figure 7. 
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. DEVELOP RAPID PLANNING-TYPE JUDGMENTAL DEFINITIONS OF CIIARACTERISTICS AND APPROXIMATE 

ECONOMIC INPUT REQUIREMENTS FOR TIIE FOLI,OIqlNG TYPE LIQUID-PRODUCING COAL CONVERSION 

FACILITIES, EACII TO PRODUCE 100,000 BARREI,S PER DAY OF LIQUIDS PLUS SIGNIFICANT SNG: 

A) MODIFIED SRC TECIINOLOGY 

B) FISCHER-TROPSCH TECHNOLOGY 

~rJ 
! 

. DEVELOP RAPID ESTIMATES OF 'FILE ALLOCATION OF RESOURCES REQUIRED TO CONSTRUCT AND OPERATE 

THESE FACILITIES. 

. DEVELOP RAPID ESTIMATES O[" DEVELOPMENT, DESIGN, PROCUREMENT, AND CONSTRUCTION SCIIEDULES 

FOR U.S.A. COMMERCIALIZATION OF TI[ESE TECIINOLOGIES. 

. TO CONSIDER AND DEFINE THE NATIONAL RESTRAINTS l~l.lICII IqOULD LIMIT THE ABILITY TO 

SUCCESSFULLY COMPLETE THESE PROJECTS. 

O~ 
ca Figure I - Statement of Objectives 



WASTE GAS 
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COAL 
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ELECTRICITY 
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LIQUID BOILER FUEL 
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iJ 
SLAG 
4,260 TONS/DAY 
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Figure 2 Overall Material 
SRC- Based Process 
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CO2 STACK 
147.flfl1| TONS/BAY GAffES 

CLEAI9 COAL 
140.000 TONS/OAV 

40,000 TONS/DAV 
OXVGEN (FROM AIR) 

110,0fl0 TONS/gAY 
PROCESS 

...... ~l 
UTILITIES 
30,000 TONS/DAY 

55,000 TONS/DAY 
WATER 

FISCHER-TROPSCH PROCESS 

SLAG 7800 TONS/DAY 

SNG 
1,G60 MMSCFO 

FUEL OIL 
100,000 BBL/OAV 

SULFUR 
4.050 TONS/DAV 

Figure 3 Overall Matorial Balance - Fischer-Tropsch Process 
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Process Step 

~inin~ and Transport 

Coal Preparation 

Coal Liquefaction 

Mineral Separation 
(Solids Removal) 

Liquids Hydrogenation 

Acid Gas Removal 

Shift Conversion 

I. 

. 

. 

. 

. 

. 

. 

Status 

Commercial strip mining at present 
are 6 to 8 million tons/yr operations. 
Multiple mines will be required for 
Oil/Gas plant. 

Commercial operations presently oper- 
ate at 6 to 8 million tons/yr. No 
major design or operational problems 
are expected. 

This is in development stage. SRC 
pilot plants at 6 and 50 tons/daywill 
be operating this year. Only indus- 
trial-scale operation was the Berguis 
process operated in Germany durin~ 
World War II. 

This is in development stage. Present 
pilot plant and bench scale work indi- 
cates additional test work is required 
to define most economic process method 
for this proces~ step. 

This still has some development left to 
improve operations. Additional develop- 
ment work is required on synthetic coal- 
derived liquids to augment present com- 
mercial petr61eum operations. COED 
pilot plant has operated satlsfac=ori!y 
to date. 

Commercial plants are presently in oper- 
ation capable of processing about 100 
SCFD. Multi-train units would be utill- 
lized for Oil/Gas plants. 

Commercial natural gas-based p!an~s are 
presently in operation. Multi-train 
units of 50-100 ~l SCFD would be used 
for Oil/Gas plants. 

Figure 5 - Summary of Process Steps 
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Unit 
No. 

, 

. 

i0. 

11. 

Process Step 

CO 2 R~moval 

Me thana t ion 

Sulfur Recovery 

Gasification 
(Coal/Liquid residue) 

, 

. 

i0. 

!i, 

Status 

Commercial gas treating plants are 
in operation. Multi train units of 
50-100 ~! SCFD would be used for 
'Oil/Gas plants. 

Technology on a semi-a/or commer- 
cial-scale has not yet been proven. 
Additional demonstrator methanator 
development work is required. Lurgi 
now claims commercial experiences 
and Westfield, Scotland claims pro- 
ducing S~G in commercial quantities. 

Sulfur recovery units of commercial 
size have been in operation success- 
fully. Tail gas final gas cleaning 
would be multi-traln units. 

In development stage. Only the Lurgi 
and Koppers-Totzek gasifiers are com- 
mercially (low pressure) proven units. 
Additional development work is re- 
quired on high-pressure(500-1500 psi) 
gasifier before commercial plant de- 
sign is a reality. 

Figure 5 - Summary of Process Steps 

Page 2 of 2 pages. 
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ECONOMIC PARAMETERS 

i. INTEREST RATE = 9% 

2. COb~ITMENT FEE ON CONSTRUCTION LOAN = 0.5% 

3. DEBT/EQUITY RATIO = 75/25 

4, PROJECT LIFE = 20 YEARS 

5. DEPRECIATION SCHEDULE; 20 YEARS, STRAIGHT LINE 
(TO CONFORM TO PIB STANDARD) 

6. DESIGN/CONSTRUCTION SCHEDULE = 5 YEARS 

7. WORKING CAPITAL: 

a) Oil/gas SRC based = $i00 ~I 
b) Fischer Tropsch = $200 ~BI 

8, STARTUP COSTS: 

a) Oil/gas SRC based = $60 b~l 
b) Fischer-Tropsch = $120 ~I 

9, 330 STREAM DAYS PER CALENDAR YEAR 

I0. COAL PRICE = $7.25/TON, DELIVERED 

Figure 7 - Economic Parameters 
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CO}~RCiAL COAL CONVERSION PLANT DESIGN: 
TRANS,iATION FRO~4 PILOT TO C~RCIAL-SCALE PLANTS 

J. B. O'Hara, N. E. Jentz, G. H. Hervey 
The Ralph M. Parsons Company 

Pasadena~ California 

ABSTRACT 

The United States coal conversion development program is approaching a 
m~jor crossroads. Both public and private sector authorities have sup- 
ported th~ objective of bezinning to move coal conversion processes into 
large-scale plants to prdvide a basis for objective decisions regarding 
the true potential for supplying a significant portion of the future U.S. 
ener~-# needs. Affirmative action would mean an accelerated development 
schedule including design, construction, and operation of multiple 
d~monstration and/or commercial-sca!e plants. When this occurs~ an 
inte&rral part of the successful program will b% translation of pilot 
plant results into large-sca!e plant designs. The Ralph M. Parsons 
Co~arshas been involved in doinS just that in their program to assist 
ERDA in the development of co~ercial coal conversion plants. This 
paper summarizes key elements of translation ani scale-up programs. 

Fundamentals of translating pilot plant experience to commercial plant 
desi~rn are discussed. Factors considered include early definition of 
commercial plant objectives° basic data requirements° and scale-up cri- 
teria. Pilot plant data/information supply and analysis require cooper- 
ation between client, process developer, and plant designer. The 
interactions between the process development and the plant design sched- 
ules are discussed. Procedures for analysis of the pilot plant results 
and development of commercial plant desi&mbasis are described. An 
illustration of the application of a translation/scale-up program is 
Eiven. 

These procedures are use fu l  fo r  p re l iminary  and con=eptuai designs of  
co~ercial coal conversion plants. The most important report on the 
subject will follow successful design° construction° and operation of 
dezonstration and commercial-scale plants. 
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COMMERCIAL COAL CONVERSION PLANT DESIGN: 
TRANSLATION FROM PILOT TO COI~qERCIAL-SCALE PLANTS 

I .  INTRODUCTION 

At p resen t  the  U.S. coal  Conversion program i s  approaching a major 
c rossroads  which w i l l  p rofoundly  i n f l u e n c e  our top ic  of  commerical coal 
convers ion p lan t  des ign .  

Both P res iden t  Ford, in  h i s  January S t a t e  of  the  Dnion address ,  and 
Dr. Robert C. Seamans, J r . ,  speaking as head of  the  Energy Research and 
Development Admin i s t ra t ion  on March 21, o u t l i n e d  a bas ic  na t i ona l  objec- 
t i v e :  to develop the  a b i l i t y  to produce,  wi th in  our own borders ,  the 
equ iva len t  o f  one n i l l i o n  b a r r e l s  per  day of  o i l  equ iva len t  from coal 
by 1985; the  products  would c o n s i s t  p r i m a r i l y  of  o i l  and s u b s t i t u t e  
n a t u r a l  gas (SNG). 

i 

Prev ious ly ,  on March 3, a group of  key p r i v a t e  s ec to r  personnel  
involved in  coal  convers ion  development were i n v i t e d  by the U.S. Senate 
Committee on I n t e r i o r  and I n s u l a r  A f f a i r s  to  p resen t  t h e i r  views. The 
consensus among the  group was to  recommend tha t  the  United S ta tes  should 
now proceed with a program to  bu i ld  and opera te  mu l t ip l e  la rge  coal-  
convers ion p l a n t s  in order  to f u r t h e r  explore  the  c a p a b i l i t i e s ,  r e l i -  
a b i l i t y ,  and economics of  cu r r en t  U.S. coal  convers ion technology as 
wel l  as begin to supply a s i g n i f i c a n t  amount of  s y n t h e t i c  f u e l s .  

I f  we a re  to achieve our goal of  one m i l l i o n  b a r r e l s  per  day equiva- 
l en t  by 1985, prompt funding and a c t i v a t i o n  of  such a development pro- 
gram are  e s s e n t i a l .  Depending upon the  number of  p l an t s  to be b u i l t ,  
and the  p r i o r i t y  ass igned to the  program, probable  program cos ts  range 
from $2 to  $5 b i l l i o n .  

This c ross roads  i s  t h e r e f o r e  upon us now. On the one hand, the route 
recommended means a c c e l e r a t e d  development of  e x i s t i n g  processes  into 
l u l t i p l e  demonstra t ion and p o s s i b l y  commerc ia l - sca le  p l an t s  and opera- 
t i o n s ,  as desc r ibed  to the  U.S. Senate .  On the o ther  hand, the a l t e r -  
na t i ve  path would be cont inued  development inc lud ing  p i l o t  p l an t  
opera t ions  but lower p r i o r i t y  performance t e s t i n g  and p lan t  economics 
i n v e s t i g a t i o n  for  l a r g e - s c a l e  p l a n t s .  

A number of  processes  have now been t e s t e d  in  p i l o t  p lan t s  of a size 
s u f f i c i e n t  for  design of demons t r a t i on - sca l e  p l a n t s .  In the event of a 
na t i ona l  emergency, p i l o t  p l a n t  r e s u l t s  could serve  as the bas is  for  
commercial p l an t  des ign .  I ncen t ive s  for  proceeding aggres s ive ly  with 
l a r g e - s c a l e  coal  convers ion  p lan t  p r o j e c t s  i nc lude  tha t  the U.S. has 
r e c e n t l y  exper ienced an o i l  embargo by the major export ing na t ions ,  
world o i l  p r i c e s  have inc reased  by a f a c t o r  of approximately four with 
the long=term t rend  s t i l l  up, and consumption has dec l ined  only soder- 
a t e l y .  I t  seems i n e v i t a b l e  t h a t  the U.S. w i l l  r equ i r e  add i t i ona l  energy 
sources  in the near  f u t u r e  to  main ta in  i n d u s t r i a l  and economic v i t a l i t y - -  
with coal  convers ion a major opt ion  for  i n c r e a s i n g  our o i l  and gas supply 
.from indigenous r e sou rces .  

To summarize, both pub l i c  and p r i v a t e  s e c t o r  a u t h o r i t i e s  have now 
supported the  o b j e c t i v e  of  beginning to move coal  convers ion processes 
i n to  l a r g e r  s c a l e  p l a n t s  to  p rov ide  a bas i s  for  o b j e c t i v e  dec i s ions  



re~ardin~ their t ~ e  potential for supplying a significant portion of 
! 

future U.S. energy needs. 

Turning to the specific topic of this paper, an into Steal part of a 
successful demonstration and commercial plant pro~2am is ~ means of 
translating pilot plant results to large-scale plant designs with the 
best chances of movin~ smoothly into reliable and economic operation. 
The Ralph N. Parsons Comgany has for a number of yea~s been involved in 
th~ development and improvement of procedures for translatin~ coal- 
conversion pilot plant opvratin~ data into larger scale plant designs. 
This paper will summarize many key elements of translation and scale-up 
programs and, in addition, seek t o  develop a basis for farther objective 
exchanges of views on procedures for successful achievemmnt of the U.S. 
coal-conversion commercialization prefab. 

Translation from pilot plant to commercial p!ant for a complex tech- 
nolo2y such as coal conversion is a broad and intricate subject. Within 
time available for this presentation, we have chosen to present a s~mmary 
of key criteria and information items required, suggested methods of data 
analysis and scale-up use, and an example of application of scale-up 
techniques. Emphasis will be placed on items that characterize coal 
conversion technology.- Analogies to related process technologies such 
as oil refineries, petrochemical plants, steel industry processing, and 
gas processin~ facilities will be presented as appropriate. 

A last introductory comment: the tras test Of skill in scale-up 
practice is the perforasnce of the large-scale plant. Until that is 
done, perforasnce can't be judged. We look forward to reportin~ again 
after large plants have been designed, built, and operated. 

II. PARSONS ROLE IN THE COAL CONVERSION DEVELOPMENT PROCH~aN 

The Ralph M. Parsons Company is actively assistin~ ERDA in develop- 
msnt of co~ercial plants for conversion of coal to clean ~Is. Two 
major activities ar~ involved in Parsons participation: 

(13 Parsons supplies Preliminary Design Services in which it 
develops prelimina~f/conceptua! design and estimated economics 
for co~srcial plants. An exzmp!e of a design is illustrate~ 
in Figure I, which shows ~n artist's sketch of a plant to 
convert approximately I0,000 tons per day of high-sulfur 
.~oal to about 25,000 barrels per day of low-sulfur liquids 
consistin~ of fuel oil and naphtha. 

(2) Parsons supplies services to ERDA as a Technicai Evaluation 
Contractor for the clee~ liquid and/or solids coal conversion 
development pro~am. In this role, Parsons monitors coal 
liquefaction pilot plants and provides professional sem~ices 
to assist ERDA in advancin~ these programs. 

Tc su_~_ar:".ze~ Parsons is active in the experimental development p r o -  
gram. and in the preliminary design of commercial facili~ie~ plus devei- 
opz_--nt of economic estimates for these plants. The results of the work 
to date have been published in a nlunber of prior repo~s ~und technical 
~u~lications. (References I through 6.) 
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I I I .  FUNDAMENTALS: TRANSLATION OF PILOT PLANT EXPERIENCE TO 
COMMERCIAL PLANT DESIGN 

A. Commercial Plant  Objec t ives  

The commercial p lan t  o b j e c t i v e s  should be def ined  ea r ly  in the  
development-plant  des ign  program to  provide guidance for scale-up 
c r i t e r i a  and des ign .  Examples o f  f ac to r s  to be considered in s e t t i n g  
o b j e c t i v e s  are  shown in  Table I.  

A fac to r  t h a t  a f f e c t s  s e l e c t i o n  of sca le-up  c r i t e r i a  and subsequent 
p lan t  design i s  the  i n t e r a c t i o n  between p lan t  capaci ty ,  requi red  r e l i -  
a b i l i t y ,  and economic goals .  A d i s t i n c t i o n  can be made between large 
syn the t i c  fue l s  p l an t s  which are c lose-coupled  to a base load u t i l i t y  
with minimum in t e rmed ia t e  s torage  capaci ty ,  v i s - a - v i s  a p lan t  designed 
to  be a compet i t ive  or  lowest cost  synfuels  producer with large product 
s torage and e f f i c i e n t  large-volume product d i s t r i b u t i o n  c a p a b i l i t y .  

S t i l l  another  p o s s i b i l i t y  i s  a s i z e - r e l i a b i l i t y - e c o n o m i c s  combination 
chosen to  meet n a t i o n a l  s e c u r i t y  o b j e c t i v e s .  

Other f ac to r s  t o  be cons idered  in s e t t i n g  sca le-up and design c r i -  
t e r i a  inc lude  f l e x i b i l i t y  p rov i s ions  for  product mix and t h e i r  s p e c i f i -  
c a t i ons ,  l oca t i on ,  labor  pool f a c t o r s ,  and environmental  r e s t r a i n t s .  

In the  usual case ,  the  f i n a l  d e f i n i t i o n  o f  c o l e r c i a l  p lan t  objec-  
t i v e s  r ep re sen t s  a t r a d e o f f  between the f ac to r s .  We the r e fo re  suggest 
tha t  o b j e c t i v e s  be developed as ea r ly  as pos s ib l e  to provide a c l ea r  
unders tanding o f  what i s  expected from the  p l an t .  Subsequent dec i s ions  
can be made to  provide the  bes t  f ea tu re s  to achieve p ro j ec t  o b j e c t i v e s .  

B. Basic Data Requirements 

The p r iae  c o n s i d e r a t i o n  here  i s  tha t  p i l o t - p l a n t  opera t ion  should 
provide a d e t a i l e d  bas ic  unders tanding of  the  chemical,  nechanica l ,  
m e t a l l u r g i c a l ,  and con t ro l  eng ineer ing  f ac to r s  requi red  for  design and 
opera t ion  of  the  coal convers ion f a c i l i t y .  Once basic  process and 
equipment behavior  p a t t e r n s  are known, then process scale-up techniques 
and equipment s e l e c t i o n  procedures  can be app l ied  with confidence.  A 
d e s c r i p t i o n  o f  r equ i red  bas ics  w i l l  be p resen ted  in  t h i s  s ec t ion  of  the 
paper.  

Also of  key importance i s  a d e f i n i t i o n  of  the  accuracy and p r e c i s i o n  
of  the  p i l o t  p l an t  data .  The numerical  value of  a design f a c t o r - - f o r  
example, y i e l d  da ta - -can  be na thema t i ca l l y  def ined  by s t a t i n g  the  aver-  
age value for  the  item plus a s tandard d e v i a t i o n .  As used here ,  p re -  
c i s i o n  i s  d i r e c t l y  r e l a t e d  to the s tandard dev i a t i on  measurenent.  
A v a i l a b i l i t y  o f  t h i s  s tandard dev i a t i on  i s  important because i t  provides 
a bas is  for  a design d e c i s i o n :  the  range of  opera t ing  f l e x i b i l i t y  tha t  
nust  be b u i l t  i n to  the  p l an t  des ign .  This dec i s ion  in  turn  a f f e c t s  
f ixed cap i t a l  investment  and opera t ing  cos t s .  Accuracy of design points  
can o f t en  be determined by i n t e r n a l  checks of  data such as ma te r i a l ,  
energy,  or e lementa l  ba lances .  

Fur ther  d e t a i l s  on the  po in t s  descr ibed  above fol low. 

I .  Accuracy and P rec i s i on  of  Data. This i s  d iscussed  f i r s t  because 
i t  a f f e c t s  a l l  i t e n s  in  p i l o t  p l an t  data r e p o r t i n g  and t h e i r  use in  
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cc~_~rcial-scale plant d~sign. We all recognize that during the early 
sta~es of pilot plant operation~ a prime objective is to prove that the 
process and the installed equipment are operable and that usable data 
plus product can beproduced. Achievement of this objective~ and devel- 
opment of confidence in pilot plant operations and reliabiiity often 
require considerable time~ effort= and expense. Once that goal has been 
achieved~ th~ pilot plant may determine processing characteristics of a 
number of types of coals and the effects of various process equipment 
and process variations on performance and efficiencies. 

W~ suggest that accuracy and reproducibility of th~ data be deter- 
mined early in the pilot plant program. When preferred conditions for 
operation of th% process have been defined~ multiple runs under those 
conditions are desirable. The results obtained permit calculation of 
standard deviation as a measure of precision. 

This information is valuable for the design of larger s c a l e  plants 
usin~ similar conditions= and is also of significant importance in pro- 
cess preference or optimization studies. In these cases, it is possible 
that design criteria and objectives for the full-scale plant differ from 
thos~ understood to exist during the course of pilot plant design and 
operations. We will discuss in more detail later the incentives for 
good co~unications between the client~ process development contractor, 
and.the plant designer in order to determine ultimate plant design cri- 
teri~ as early as possible in the program. 

Once accuracy and precision data are available= tests of significance 
can be applied to results of comparisons of process alternatives. In 
this way we obtain improved probability that the preferred process selec- 
tion is made by quantitative, objective means. Economic incentives for 
usin~ the best alternative in th~ design of large~ high-capital-invest- 
ment coal conversion plants are sisnficant. 

2. Analytical and Control AccuracT. Early determination of the 
accuracy and precision of analytical measurements as well as measurement 
and control instruments is important. By this means results of the pro- 
cess variable studies can be compared using tests of significance to 
determine whether in fact a measurable change or improvement can be 
reliably expected to have occurred. These results provide guidance 
regarding probabilities of correct design decisions based on a limited 
number of measurements; they influence all data procurement and analysis 
as well as plant design activities'including scale-up. 

5. Materials and Stream Properties ,. Availability of complete and 
accurate chemical composition and physical and thermal properties for 
all r~ materials= products= and intermediate streams is a necessity for 
efficient commercial-scale plant design. Accumulation of complete data 
on these'subjects should have high priority during the small-scale and 
pilot plant development program. Examples of required data are shown in 
Table 2. 

We suggest that the accumulation of a Design Data Book containing the 
above information= plus additional data= should also have high priority 
in the pilot plant and supportin~ experimental program. 

4. Basic Chemical En~ineerin ~. The fourth category consists of ele- 
ments which have been grouped under the headin~ of Basic Chemical Engi- 
neering. Examples of items &re listed in Table 5. 
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The a v a i l a b i l i t y  of  accura te  basic  chemical engineer ing  data as 
i11usgrated in  Figure 4 provides  a sound foundation for  the app l i ca t ion  
of  t r a n s l a t i o n  and sca le-up  techniques .  

5. Process Performance. We recommend tha t  an expergmental design to 
determine the e f f e c t s  of  process va r i ab les  on process performance be 
developed ear ly  in the p i l o t  p lan t  program. One of  several  approaches 
would use s t a t i s t i c a l  t oo l s ;  t h i s  could apply a f a c t o r i a l ' 7 e p l i c a t e  of a 
f a c t o r i a l  experiment.  The data generated from th i s  program would lend 
themselves to e f f e c t i v e  data c o r r e l a t i o n  procedures as well  as minimizing 
the amount of experimental  work requi red  to obtain the c o r r e l a t i o n s .  
The data a lso permit  rapid de te rmina t ion  of t e s t s  of  s i g n i f i c a n c e  as 
guidance for  dec i s ions  regarding s e l e c t i o n  of  p re fe r red  or optimum 
opera t ing  cond i t ions .  

We also  recommend tha t  the  development of  procedures for  accurate  
o n - l i n e  de te rmina t ion  of  ins tan taneous  ma te r i a l  and heat  balances 
be emphasized in des ign and opera t ion  of the p i l o t  p l an t .  Development 
of  these  methods and data r equ i r e s  cons iderab le  a t t e n t i o n  to d e t a i l ,  
pa ins tak ing  work, and ingenu i ty  in ins t rumenta t ion  use.  Once i t  is 
achieved,  however, the pace of obta in ing  meaningful design data accelera tes  
markedly. Resul ts  of  the e f f e c t  of  process  va r i ab l e s  on process and plant 
performance ca~ then be scouted by pe r tu rba t i on  and EVOP techniques lead- 
ing to increased knowledge of expected r e s u l t s  and s e n s i t i v i t i e s  as 
condi t ions  change in the commercial p l an t .  

Process performance data  supply a key bas is  for  subsequent scale-up 
and design work. Samples of  data requirements  are given in  Table 4. 

6. Equipment Performance. The p r e f e r r e d  s i t u a t i o n  i s  to t e s t ,  in  
the  p i l o t  p l an t ,  types of  r eac to r s  and equipment bes t  su i t ed  for  f u l l -  
sca le  commercial p lan t  opera t ion .  In some cases t h i s  may not be prac-  
t i c a l  because of  lack of  a v a i l a b i l i t y  of  proper equipment in  time for 
the p i l o t  p l an t  d e s i g n / c o n s t r u c t i o n  program. In o the r  cases,  informa- 
t i o n  may be obta ined during the  course of  p i l o t  p lan t  opera t ions  show- 
ing tha t  equipment d i f f e r e n t  from tha t  under t e s t  i s  best  su i t ed  for 
commercial sca le  ope ra t ions .  I f ,  however, p i l o t  p l an t  opera t ion  pro-  
v ides  a sound g h e o r e t i c a l  bas i s  for  sca le -up ,  then use of  a l t e r n a t e  
s i ze s  and types of  equ ip len t  for  large  p l a n t s  can o f t en  be e f f e c t i v e l y  
accomplished using the  p i l o t  p l an t  d a t a - - o r  using p i l o t  p lan t  data in 
conjunct ion  with a coordina ted  equipment t e s t  program in  coopera t ion 
with equipment s u p p l i e r s .  

We suggest tha t  p i l o t  p lan t  opera t ions  provide the  type of  informa- 
gion descr ibed  in  Table 5 as a bas is  for sca le-up  and des ign work. 

P i l o t  p l an t  opera t ion  and exper ience  gained in  methods of  co r r e l a t i ng  
• ~ x i m m p i l o t  p lan t  performance and capac i ty  should lead to equipment 
recommendations. A v a i l a b i l i t y  of  complete p i l o t  p l an t  s p e c i f i c a t i o n s  
i s  important ,  s ince  they should be ~eviewed o f t en  p r i o r  to p lac ing  orders 
for  commercia l -scale  equipment. I f  t he r e  are reasons for  l i m i t i n g  max- 
i~un s i zes  of  equipment tha t  were o r i g i n a l l y  determined during p i l o t  
p lan t  development,  t h i s  should a lso  be cons idered .  

The mechanical performaace h i s t o r y  of  equipsent  during p i l o t  p lan t  
opera t ions  r ep resen t s  ~nother important input  to  commercial p lan t  desigv.. 
This inc ludes  recording  maintenance h i s t o r y  and r e l i a b i l i t y  (o~-s t reaz  
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time} for  the major u n i t s ,  p a r t i c u l a r l y  for  the period a f t e r  s t a r t -up  
and shakedown. During this periQd hopefully there is reliable and con- 
tinuin~ operation of the pilot plant. If there are complicating factors 
caused by extremes in operating conditions during the study of process 
variables/process performances it is helpful if that information is 
reported. 

7. Materials of Construction. Records and recommendations are 
important. In this respect, we recommend that a general corrosion test- 
ing progrsa be an integral part of the design and operation of the pilot 
plant. Wherever practical, corrosion coupons should be inserted to 
pel-mit selection of the least-cost reliable material selection; use of 
test spool pieces of various candidate materials of construction can 
make valuable contributions to this part of the program. 

8. Safer Z and Hy$iene. Information~ data~ and recommendations from 
the" pilot plant regarding these facets of design and operations require- 
ments are important. Examples of types of information required are 
shown in Table 6. 

We recozmend that a safety and hygiene report be prepared based on 
pilot plant experience and prior to large-scale plant design. One 
factor now under study is preferred personnel protection from potential 
carcinogenic and dermatitus-inducing characteristics of coal-based 
liquid products. W~ also recon~end preparation of the equivalent of a 
Chemical Safety Data Sheet for materials and mixtures specific to the 
coal conversion processes. 

9. Environmental Factors. Pilot plant operations should define 
co~osition and quantities of process effluent gaseous, liquid= and 
solid streams. In many cases~ this will require careful measurement of 
compounds present in small or trace quantities. Examples include mercury 
and toxic sulfur compounds. Pilot plant operations should also provide 
results of test treatments of effluent streams that are peculiar to coal 
conversion processes and not available from experience gained in other 
process industries. 

ExsJnples of environmental factor data requirements are given in 
Table 7. 

We submit that it is important that definition of environmental 
factors be developed early in the pilot plant program to permit time 
for analysis and design of the commercial plants in such a way as to 
generate public confidence that the plants are environmentally accept- 
able, to prepare the necessary documents, and to obtain licenses to 
construct the facilities. 

These steps are inherently time-consuming. They should be programmed 
so that completion is consistent with the plant desi&rn/construction 
schedule. This will be most critical for the first large plants to be 
constructed. 

I0. S ~ur~ary. Availability of the data described in Section I!I-B-I 
through -9 provides a sound basis for translation of the pilot plant 
results to full commercial scale. We recomnend tha¢ development of all 
these data be given high priority in design and operation of the pilot 
plant. 
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I t  w i l I  be an unusua l  c a s e ,  however ,  where a l l  o f  t h e  d a t a  we have 
l i s t e d  can ,  i n , f a c t ,  be o b t a i n e d  wi th  t h e  d e s i r e d  d e g r e e  o f  comp le t e -  
ne s s  and r e l i a b i l i t y ,  and in t ime ,  f o r  use  in  i n i t i a l  l a r g e - s c a l e  p l a n t  
d e s i g n .  R e a l i s t i c a l l y ,  t h e r e f o r e ,  i t  i s  n e c e s s a r y  to  ag ree  on and 
emphas ize  p r i o r i t y  i t ems  d u r i n g  a p i l o t  p l a n t  deve lopmen t  program.  For 
f i n a l i z a t i o n  o f  s c a l e - u p  f o r  t h e s e  ca se s  where d a t a  a re  l a ~ k i n g ,  u se  o f  
r e l a t e d  s c a l e - u p  e x p e r i e n c e  from o t h e r  i n d u s t r i e s  as we l l  as c o r r e l a -  
t i o n s  and e x t r a p o l a t i o n s  o f  o t h e r  d a t a  s o u r c e s  would be p r e s s e d  i n t o  
service. 

For  c a s e s  where  key d a t a  a r e  l a c k i n g ,  e n g i n e e r i n g  judgment  based  on 
r e l a t e d  i n d u s t r i e s  would be a p p l i e d .  The n e t  r e s u l t  i s  a compromise in  
p r o j e c t e d  r e l i a b i l i t y  d u r i n g  t h e  e a r l y  d a y s o f  commerc ia l  p l a n t  ope ra -  
t i o n ,  and r e c o g n i t i o n  t h a t  a d d i t i o n a l  changes  can be e x p e c t e d  b e f o r e  
t h e  p l a n t  r e l i a b i l i t y  i s  a c c e p t a b l e .  The a l t e r n a t i v e  i s  i n c r e a s e d  
c a p i t a l  i n v e s t m e n t  c a u s e d  by b u i l t - i n  equ ipment  redundancy  a n d / o r  ove r -  
s i z i n g  some p l a n t  s e c t i o n s .  

C. C r i t e r i a  f o r  Scale-u P 

A f i r s t  s t e p  in  s c a l i n g  up any p r o c e s s  o r  equ ipment  u n i t  i s  t o  d e f i n e  
c r i t e r i a  t o  be used  f o r  ~ c a l e - u p .  C r i t e r i a  may be p e r f o r m a n c e - b a s e d  or  
e c o n o m i c s - b a s e d .  They can i n c l u d e  a s s e s s m e n t  o f  t r a d e o f f s  such as con- 
v e r s i o n  v i s - a - v i s  u l t i m a t e  y i e l d .  An example o f  s c a l e - u p  c r i t e r i a  f o r  
a h y d r o l i q u e f a c t i o n  d i s s o l v e r  v e s s e l  i s  shown in  Table  8. I l l u s t r a t i v e  
s c a l e - u p  p r o c e d u r e s  w i l l  be d i s c u s s e d  l a t e r  i n  t h i s  p a p e r .  

C r i t e r i a  f o r  s c a l e - u p  s h o u l d  be s p e c i f i c .  In t h i s  r e s p e c t ,  p l e a s e  
r e c o g n i z e  t h a t  a r e p r e s e n t a t i v e  coa l  c o n v e r s i o n  complex can c o n t a i n  as 
many as 70 s e p a r a t e  equ ipment  c a t e g o r i e s .  A number o f  t h e s e  a r e  i l l u s -  
t r a t e d  in  Tab le  9. 

One f a c t o r  t h a t  i s  a p r e r e q u i s i t e  f o r  s c a l e - u p  c r i t e r i a  i s  t he  t ime 
frame f o r  d e s i g n ,  c o n s t r u c t i o n ,  and o p e r a t i o n  o f  t h e  f a c i l i t y .  ~nere  
equ ipment  s e l e c t i o n  and p u r c h a s e  i s  p l a n n e d  f o r  t h e  immedia te  f u t u r e  
and f o r  t i g h t  d e l i v e r y  s c h e d u l e ,  t h e  p r e s s u r e  i s  t o  a c c e p t ,  w i th  minor  
m o d i f i c a t i o n s ,  equ ipment  w i t h  p e r f o r m a n c e  a l r e a d y  d e m o n s t r a t e d  on a 
c o m m e r c i a l - s c a l e  in  t h e  same a p p l i c a t i o n ,  o r  one c l o s e l y  r e l a t e d  to  i t .  

C o n v e r s e l y ,  where s p e c i f i c  l a r g e  p l a n t s  a re  p l a n n e d  fo r  c o m p l e t i o n  
we l l  in  t h e  f u t u r e ,  s c a l e - u p  c r i t e r i a  and s c h e d u l e  may i n c o r p o r a t e  
equ ipment  d e v e l o p m e n t  and t e s t  work p r i o r  t o  f i n a l i z a t i o n  o f  d e s i g n .  

An example migh t  be in  t h e  f i e l d  o f  coa l  g a s i f i c a t i o n .  For  imminent 
p u r c h a s e  o f  t h e  g a s i f i e r ,  shop f a b r i c a t i o n  and t e s t i n g  o f  t h e  g a s i f i e r s  
and o t h e r  v e s s e l s  would be p r u d e n t .  However,  a subprogram i s  now under  
way to  e v a l u a t e  i n c e n t i v e s  f o r  u s i n g  l a r g e  f i e l d - f a b r i c a t e d  g a s i f i e r s  
and s u p p o r t i n g  e q u i p m e n t .  In  t h i s  c a s e ,  a c a r e f u l  a n a l y s i s  o f  s c a l e - u p  
f a c t o r s  f o r  g a s i f i e r s  i n  t h e  r ange  o f  20-25 f e e t  in  d i a m e t e r  and p r e s -  
s u r e s  t o  1 ,000 pounds  p e r  squa re  i nch  i s  j u s t i f i e d ;  i t  i s  a l s o  t i m e l y .  
To r educe  t h i s  c o n c e p t  t o  p r a c t i c e ,  t h e  d e s i g n ,  f a b r i c a t i o n ,  e r e c t i o n ,  
t e s t i n g ,  r e l i a b i l i t y ,  and economic f a c t o r s  must a l l  be c a r e f u l l y  e v a l -  
u a t e d  and s u f f i c i e n t  l e a d  t ime  a l l o w e d  to  d e v e l o p  and implement  a 
program t o  a c h i e v e  t h e  g o a l s .  I n c l u d e d  in  t h i s  e v a l u a t i o n  shou ld  be 
t h e  i n s t a l l a t i o n ,  o p e r a t i n g ,  and m a i n t e n a n c e  c o s t  o f  a n c i l l a r y  e q u i p -  
ment i t ems  such  as  t h e  m u l t i p l e  pumps,  h e a t  e x c h a n g e r s ,  and knockou t  
drums.  ~ e  m u l t i p l i c a t i o n  o f  p i p e  r u n s ,  c o n t r o l  i n s t r u m e n t a t i o n ,  and 
e l e c t r i c a l  f a c i l i t i e s  must  a l s o  be e v a l u a t e d .  S t a r t u p  o f  such a 



facility in 1985 could lead to one conclusion regarding maximum gasifier 
size, whereas required startup in 1979-80 could lead to an entirely 
different conclusion. 

The reliability-economics tradeoff is a key criteria decision area in 
the field at this time. High reliability demands may dictate the use of 
multiple small reactors and vessels; where the objective is to score an 
economic breakthrough and become the lowest cost producer, larger 
reactors and innovative design approaches would be used. Both approaches 
have been used often in process industries history. 

IV. DATA/INFO~,~TIONAL INPUTS FROM PILOT PLANT OPERATIONS 

A. Devgloper/Designe ~ Cooperation 

Program effectiveness is aided greatly by close cooperation end com- 
munication between the process developer and the plant designer. A 
primary goal in this relationship is open discussion and general agree- 
ment on the objectives and configuration of the commercial plants to be 
built. Agreement on the most critical factors to be determined during 
the course of the development program will ensure that the project is 
technically and economically successful. 

We recommend that the selection of development program priorities be 
guided by economic analysis results. An example might be the economic 
incentive for determining the purity of hydrogen to be used for the 
hydroliquefaction reaction. The incentive would be estimated by com- 
parison of use of, say, 96% hydrogen purity vis-a-vis a synthesis gas 
containing about 40 vol % hydrogen and 45 vol % carbon monoxide. 

The comparison of these two alternative cases in a hydroliquefaction 
plant should recognize that the result affects technical and economic 
factors in a number of plant sections, including gas generation, reaction, 
gas recycle system and product handling and composition. Definition of 
the preferred route for a given application can best be done by looking at 
the total system for the two alternative cases and developing prelimi- 
nary economics including differences in fixed capital investment and 
operating cost. If there are differences in product characteristics, 
these should also be included. 

Parsons is involved in this type of economic tradeoff evaluation for 
a number of cases° including the illustration just mentioned. We feel 
that it has the potential for providing a firm basis for decision and 
the resulting estimated economic incentive can p~ovide a basis for set- 
ting priorities for the development program~ including pilot plant 
operations. This type of comparison must be done carefully and objec- 
tively to be sure that indicated differences between the alternatives 
are, in fact, significant when considered against the background of the 
qug_ntity and quality of the date used as well as theprocedures used to 
develop the economic comparison. 

B... Data/Information St~gpl Y Requirements 

The data/information requirements were described in detai! in an 
earlier section of this paper. This "shopping list," or a modifica- 
tion of it~ can serve as a basis for the development and plant design 
contractors to work together in developing a design basis that best 
satisfies the plant design objectives. 



Where t he re  are  voids  in  the  r e q u i r e d  da ta ,  bes t  judgment, i n t e r -  
p o l a t i o n ,  e x t r a p o l a t i o n ,  or  o the r  t echn iques  must be used to f i l l  those 
vo ids .  The r e s u l t i n g  p l an t  des ign s ca l e -up  w i l l  pay some p r i c e  for  
missing da t a  in one or  more of  the  f a c t o r s  of  c a p i t a l  investment ,  opera- 
t i n g  c o s t s ,  r e l i a b i l i t y ,  or  product  c h a r a c t e r i s t i c s .  

C. Data / Informat ion  Supply P r i o r i t i e s  

The p r o j e c t  schedule and the r e s u l t s  of  p r e l i m i n a r y  s t ud i e s  of econo- 
mic i ncen t i ve  imp l i ca t ions  o f  des ign a l t e r n a t i v e s  w i l l  suggest  p r i o r i -  
t i e s  r equ i r ed  fo r  a t ime ly  and succe s s fu l  s ca l e -up .  We suggest  tha t  
the p i l o t  p l an t  program emphasize s t u d i e s  with the  g r e a t e s t  economic 
impact on the connnercial p l a n t s ,  and a l s o ,  the d e f i n i t i o n  of  f ac to r s  
r e l a t e d  to long- lead  items in  those  cases  where prompt movenent of  the 
technology to  l a r g e r  sca le  p l a n t s  i s  d i c t a t e d .  

V. DATA/INFORK~TION ANALYSIS 

P i l o t  p l an t  and support ing da ta  are  reviewed and analyzed to provide 
the  bes t  c o r r e l a t i o n s  for  use in t r a n s l a t i o n  and sca le -up .  Of prime 
importance is  the c o r r e l a t i o n  of  p rocess  performance with c o n t r o l l a b l e  
process  v a r i a b l e s ,  and how well  the da ta  c o r r e l a t e .  E s s e n t i a l l y  a l l  
techniques  are appl ied  to t h i s  e f f o r t ,  i nc lud ing  m u l t i p l e  c o r r e l a t i o n  
and r e g r e s s i o n .  The q u a l i t y  of  the c o r r e l a t i o n ,  the  manner with which 
i t  i s  used in the p lan t  des ign ,  the  p lan t  o b j e c t i v e s  (see Table 1), 
and feedback from pas t  d e s i g n / o p e r a t i o n  p r o j e c t s  a f f e c t  the  design 
t o l e r ances  s e l e c t e d  for  the  separa te  p l a n t  u n i t s .  

VI. TRANSLATION FROM PILOT PLANT TO COMmERCIAL-SCALE DESIGN 

The des ign of  the c o n u e r c i a l - s c a l e  p l an t  i nco rpo ra t e s  inputs  and 
procedures  descr ibed  in the preceding  s ec t i ons  of  t h i s  paper.  I t  repre-  
sen ts  the end product  of  a l engthy  and i n t e n s i v e  e f f o r t .  The t r a n s l a t i o n  
can bes t  be d i scussed  using an i l l u s t r a t l v e  example. 

A d i s s o l v e r  in a h y d r o l i q u e f a c t i o n  p roces s ,  such as the  so lvent  ref ined 
coal  (SRC) p rocess ,  has been chosen fo r  the  i l l u s t r a t i o n .  Key design 
c r i t e r i a  have been desc r ibed  e a r l i e r  in Table 8. The i l l u s t r a t i o n  wi l l  
be based on a lO- foo t -d iamete r  vesse l  a l though l a r g e r  u n i t s  are  poss ib le  
and are  being designed.  

For the case i l l u s t r a t e d ,  data  a re  a v a i l a b l e  from p i l o t  p lant  and 
smal le r  s ca l e  Process Development Unit  (PDU) work. The experimental  
work used r e l a t i v e l y  simple r e a c t i o n  v e s s e l s  without  i n t e r n a l s .  

Example data  for  PDU and p i l o t  p l an t  d i s s o l v e r  ope ra t ion  are shown 
in Table I0.  Measured as well  as c a l c u l a t e d  c a p a c i t y  and performance 
parameters  are  given.  The products  from the  d i s s o l v e r  in both cases 
conta ined  l e ss  than lOt und isso lved  coal  and are  cons idered  s a t i s f a c t o r y  

Fur ther  ana ly s i s  of  PDU and p i l o t  p l an t  exper ience  has led to the 
fo l lowing c u r r e n t  conc lus ions  regard ing  the  probable  mechanism and 
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general direction of effects of variables during the hydroliquefaction 
re~ction which occurs in the dissolver: 

Gas Contact Time: 

¢ ND~ considered a ¢onzrollin~ factor. 

¢ Important factor--adequate mass transfer to maintain 
required hydrogen concentration in liquid phase. 

Hydrogen Concentration: 

Msxi=um hydrogen concentrations in the liquid. 

• Design to assure efficient mass transfer. 

Solids Residence Tim~: 

® Evidence indicates that conversion to a "nonsolid" is 
rapid and that th~ hulk of the required retention rims 
is utilized to depolym~rize the "nonso!id." 

Liquid Residence Tim~: 

• Adequate reaction/residence tim~ required to effect 
conversion. 

Inactive Zones: 

• Must not occur; would lead to "coke" for~-~tion or hot spots. 

• Gas~ liquid~ and solid flows should be uniform!y maintained. 

Fiow Distributors: 

® PDU and pilot plant units did net use internals. 

¢ Use flow distributors in large plant dissolvers. 

¢ Distributor desihzn should provide wide latitude of gas 
and liquid traffic and still produce good liquid and gas 
d i s t r i b u t i o n .  

¢ D i s t r i b u t o ~  d e s i ~  shou ld  he simp!e~ e a s y  t o  f a b r i c a t e =  
and e a s y  t o  remove.  I t  s h o u l d  n o t  u s e  packed  j o i n t s .  

Fe~!Coai Particle Size: 

¢ PDU and pilot plan~ exp~ience was with fine ground coal~ 
minus 70 m~sh. 

¢ Nov judged that minus !/8-inch coal is satisfactory for 
lar£e plant use. 

Parameters of a large-scale diszo!vez design are illustrated in 
Table 11; for reference, PDU ~n~ pilot plant d?~za a~e repeated. Here we 
see that multiple dissolver vessels ~ou!d he used; each vessel would be 
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approximately 70 f e e t i n  length  and the diameter  would be 10 f e e t .  The 
wall  th i ckness  would be approximately 7.5 inches based on use of ASME 
Divis ion II  des ign code. 

The vessel design uses a conventional head. One distributor plate 
is located at the bottom tangent line of the vessel and three more are 
located at 17-foot intervals counting from the bottom tangent line. 
This should assure uniform distribution throughout the vessel height. 

VII. SUMMARY AND CONCLUSIONS 

In summary, effective translation of coal conversioh processes from 
pilot plant to commercial plant design requires continuing and effective 
communications between client, process developer, and plant designer. 
Early agreement on commercial plant objectives and schedules, scale-up 
criteria, and data procurement priorities is important. Decisions 
regarding data development priorities should be guided by preliminary 
economic analyses leading to a quantitative basis for these decisions. 

Design of  coal convers ion  p lan t s  w i l l  r equ i re  t r a n s l a t i o n  and sca le -  
up of  a l a rge  number of  equipment and r e a c t o r  types .  An example of a 
sca le -up  e f f o r t  fo r  a p r e l i m i n a r y / c o n c e p t u a l  design i l l u s t r a t e s  one 
s e t  of  procedures  tha t  can be used.  

The important report on this subject will follow the successful 
design, construction, and operation of demonstration and commercial- 
scale plants. 

i. 
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Table 1 - Examples of Factors  to be Included 
in  D e f i n i t i o n  of  C o m e r c i a l  P lan t  Objec t ives  

1. Capaci ty  

2. R e l i a b i l i t y  

I .  Economic Goal 

4. Product 

(a) S p e c i f i c a t i o n s  

(b) Product S l a t e  F l e x i b i l i t y  

5. Location Factors  

(a) Cons t ruc t ion  Labor A v a i l a b i l i t y ,  P r o d u c t i v i t y  

(b) Operat ions Labor Pool 

(c) Environmental Factors  

(d) Water Supply 

6. Raw Mater ia l  

(a) A v a i l a b i l l t y  

Co) C h a r a c t e r i s t i c s  

(c) Log i s t i c s  

7. Product Storage Capaci ty  

8. Plant Logistics 

(a) Raw H a t e r i a l  Supply 

(b) Product D i s t r i b u t i o n  
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Table 2 - Example Materials and Stream Properties 

I. Compositions 

(a) Chemical 

(b) Elem~ntal 

2. Physical Properties; Components and Streams 

(a) Viscosities 

(b) Densities 

3. Thermal Properties 

(a) Thermal Conductivities 

(b) Specific Heats 

(c) Heats of Reaction 

(d) Heats Effects for Phase Changes 

4. Phase Equilibrium 

Table 3 - Basic Chemical Engineering Factors 

I. Reaction Kinetics 

2. Thermodynamics 

3. Fluid Regimes 

(a) Fluid Flow 

4. ~ss Transfer 

S. Physical Equilibrium Data 

(a) Vapor-Liquid 

(b) Liquid-Solid 

(c) )lultiphase 

6. Catalyst Performance 

(a) Activity 

(1) Poisons 

(b) Physical Strength 

(c) Economic Life 
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Table 4 - Examples o£ Process-Performance Data Requirements 

I .  Mater ial  Balance 

(a) Minimum Expected Physical  Losses o£ In termedia te  or 
Recycle Streams 

(b) Dependency on Production Capacity 

2. Energy Balance 

3.  Elemental Balance 

4. Chemical Yields  

(a) As a Function o£ Raw Mater ia ls  Composition and 
Process Var iables  

5. Product Separa t ion ,  Recovery, and P u r i f i c a t i o n  

(a) Procedures 

(bJ E f f i c i e n c i e s  

6. Product Compositions 

(a) As a Function o£ Raw Materials Composition and 
Process Variables 

Table 5 - Examples of  Equipment Performance Information 
From P i l o t  Plant  Operations 

lo 

2. 

Deta i led  Equipment S p e c i f i c a t i o n s  

Equipment Performance His tory  

(a) Process Performance 

(b) 14echanical Performance 

(1) Maintenance His tory  

(2) R e l i a b i l i t y :  On-Streaa Time 

(c) Mater ia ls  o£ Const ruc t ion  

(1) Corros ion/Eros ion Rate 

(2) Special  Fabr ica t ion  Requirements 
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Table 6 - Examples of Safety and Hygiene Data Requirements 

i. Explosive Ranges for Process Mixtures 

2. Flash Points for Components and Process Mixtures 

3. Analysis of All Streams for Presence~ Identifica%ion~ and 
Quantity of Hazardous Materials 

4. Allowable ~ximum Concentrations for Personnel Exposure 

S. Recommended Treatment for Exposures 

6. Reconmended Personnel Safety Equipment~ Treatment Facilities, 
and Protective Clothing 

7. Definition of Special Safety Design and Maintenance Features 
for Equipment 

8. Recommended Safe Startup and Shutdown Procedures 

Table 7 - Examples of Environmental Data Requirements 

i. 

. 

. 

Physical Characteristics, Quantities and Compositions of 
Process Effluent Streams, Including Trace Elements 

Ca) 

(b) 

~aseo~s 

(i) 

(2) 

(s) 

Liquid 

(i) 

Solid 

(I) 

(2) 

(s) 

(4) 

(c) 

Odor 

Particulate Sizes 

Temperature 

Color 

Leachate Composition 

Permeability 

Ezodability 

Texture 

Allowable ~imum Concentrations in Effluents for Constitutents 
Specific to Coal Conversion 

Recommended Modes of Treatment of Effluent Streams and Test 
Results from Treatment of Streams Specific to the Coal Conversion 
Process (es) 
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Table 8 - Example of  Scale-up Cr i t e r i a  
for  Hydro l iquefac t ion  Dissolver 

Charac te r i s t i c s  

Process 

Slurry Flow Rate 

Gas Flow Rate (at exi t )  

Operating Conditions: 

Temperature 

Pressure 

LHSV (at operating condit ions)  

Actual Liquid Retention Time 

Vessel 

Design P r e s s u r e  

Design Temperature 

Haximm Nail Thickness 

Design Code 

Haxtl~a Vessel Weight 

Corrosion Protect ion 

Flow Distri~tion 

Value 
J 

30,000 T/D 
(9 CFS) 

623,000 ACFH 
(17~.1ACFS) 

840"F 

1,225 psia 

1.0 

50 rain 

2,000 ps i  

900"F 

12 inches 

Div is ion 2 

500 tons 

Clad wi th 1/16 in.  
316 SS 

1, Provide a means o f  assuring uniform l i q u i d  and vapor 
d i s t r i b u t i o n  w i th in  the vessel.  

2, Haximumvert ica l  distance between d i s t r i b u t o r  and 
r e d i s t r i b u t o r  is  20 feet ,  
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Table 9 - Examples of a Numh3r of Equipment Categories Pertinent to 
Scale-up of Coal Conversion Processes 

I. HCgh-Capacity e.u~ HCgh-Pressuze Coal Sluz~y Pumps {above 1400 psig) 

2. Coal Slurry Preheat F~_--'nac~s 

3. Coal Slurry Pressure Letcto~vn Valves 

4. Pressure Recovery Turbines 

5. Large-Capacity Liquid-Solids Separation M~th~ds and Equipment 

6. Solids Drying Equipmen~ 

7. Large-Capacity Gasifiers 

8. Solids Feed Devices for High-Pressure Gasifiers 

9. G~-Solids Separation Equipment Suitable for High Pressures 
an~ Temp~r~u2es 

10. High-Capa=ity Hydrotzaating Equipmsnt 

ii. Large-Scale Synthesis Reactors 
i 

12. Compressors Suitable for Gas-Solids Mixtures ~nd High Pressures 



Table I0 - Scale-up:  Example PDU and P i l o t  Plant  
Disso lver  Parameters 

Parameter  

Disso lve r  Volume, £t 3 

Disso lver  Length, £t 

Disso lver  Diameter,  ft 

t 

LHSV, hr  "l 
t t  

GHSV, hr -! 

Gas Flow Rate, £t3/sec 

Slu r ry  Flow Rate,  f t3/sec 

Gas Relative Veloci ty f t /sec 

Gas Veloci ty,  f t /sec 

Slurry Veloci ty,  £t/sec 

Gas Retention Time, min 

Slurry Retention Time, min 

Coal Rate, I b / h r / f t  3 Disso lve r  

Coal Feed, T/D 

Di s so lve r ,  L/D 

Solven t /Coa l ,  l b / I b  

Process Development 
Plant Dissolver 

3.67 

12.0 

0.62 

0.7 

110.0 

0. 0044 

0.0071 

0.7 

O. 70 

0.0025 

0.28 

80.32 

14.53 

0.64 

19.4 

(Assumed) 2.0 

Pi lot Plant 
Dissolver 

94.25 

30.0 

2.0 

1.16 

150.7 

0. 095 

0. 056 

0.69 

0.70 

0.012 

0.71 

41.81 

28.0 

31.67 

15.0 

2.0 

*Liquid hour ly  space v e l o c i t y  
**Gas hour ly  space v e l o c i t y  
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Table II - Scale-up: Example Large-Scale Plant 
Dissolver DesiEn Parameters 

Parameter 

Dissolver Volume° 
ft 3 

Dissolver Length, ft 

Dissolver Diameter, 
ft 

LHSV, hr-I 

GHSV, hr-I 

Gas Flow Rate, 
ft3/sec 

Slurry Flow Rate, 
f t 3 / s e c  

Gas Relative 
Velocity, ft/sec 

Gas Velocity, fZ/sec 

S lurrf Velocity, 

G~s R~en~ion Ti~o 
min 

Slurr/ Retention 
Tin.== rain 

Coal Rate, Ib/hr/fZ B 
Dissolver 

Coal Pestle, T/D 

Dissolver, L/D 

Solvent/Coal, ib/ib 

Process Development 
Plant Dissolver 

3.67 

12.0 

0.62 

0.7 

Plot Plant 
Dissolver 

94.25 

30.0 

2.0 

I. 16 

Large 
Plant 

Dissolver 

32,572 { t o ta l )  

691 6 
10 I Vessels 

1.0 @T. ~ P. 

110.0 

O. 0044 

0.0071 

0.7 

0.70 

0.0025 

0.28 

80.32 

14.53 

0.64 

19.4 

{Assume) 2.0 

150.7 

O. 093 

0.036 

0.69 

0.70 

0.012 

0.71 

41.81 

28.0 

31.67 

15.0 

2.0 

638.0 

28.83 

1.5 

0.7 

0.74 

0.058 

0.56 

50.38 

25.58 

I0,000 

6.9 

2.0 

I Per 
Vessel 
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SECTION i 

INTRODUCTION 

The Ralph M. Parsons Company has completed this report which summarizes the 

preliminary design and capital investment estimate for a demonstration-scale plant 

to produce clean boiler fuels from coal. This work was done at the request of 

the Office of Coal Research (OCK). 

The objectives o f  our preliminary design work were: 

(i) To establish a preliminary demonstrationplant design to effectively 

produce clean boiler fuels from coal. 

(2) To estimate the budget for fixed capital investment requirement for the 

design, engineering, procurement° and construction of the coal conver- 

sion complex. 

(3) To estimate the earliest date at which the coal conversion plant could 

be mechanically complete and ready to begin production operations. 

(4) To estimate the required fund drawdown schedule; i.e.~ the amounts 

of money that would be expended during each semi=annual period over the 

life of the project. 

The process desiKn bases and yields for ZhisplanZ wer~ supplied Zo us by OCR 

process development contractors and were based on the OCR process design concept 

which was considered to have the greatest potential for converting a typical coal 

i 99 



entirely into desulfurized liquid fuels. To support this work, OCR made arrange- 

ments for the Pittsburg g Midway Coal Mining Company (P&~O to supply Parsons a 

process design basis and supporting technology for coal liquefaction, and with 

Bituminous Coal Research, Inc. (BCR) to supply a process design basis for the 

gasification of a coal residue to produce synthesis gas for captive use. Repre- 

sentatives of OCR and these two companies provided these design parameters. 

On the basis of information provided by P&M and BCR, OCR instructed Parsons to 

proceed with a preliminary design which is the first step in a development pro- 

gram to bring coal conversion processes to commercial reality. The design repre- 

sents substantial engineering judgment for the selection of both the equipment 

required and the processing conditions to be used to achieve the project's objec- 

tives. We understand that this approach is consistent with OCR's attitude to 

accept potential risks in plant performance and uncertainties in costs in order 

to speed the  development of  v i ab l e  commercial des igns .  I t  should be recognized  

that '  t h i s  p r e l imina ry  des ign is  based on immature technology and precedes  the 

a v a i l a b i l i t y  of  exper imenta l  r e s u l t s  from p i l o t  p lan t  opera t ions  for  the  two p r i -  

mary coal  convers ion  s teps  of  l i q u e f a c t i o n  and product ion  of syngas by the  pro-  

posed mode of gasification. 

During the course of the design assignment, analysis showed that is is possible to 

achieve the production of desulfurized liquid fuels exclusively when using an 

alternative approach to syngas production. The current preliminary design employs 

gasification of a coal residue from the liquefaction plant for this purpose. One 

alternative is to use the offgases from the liquefaction plant for syngas produc- 

tion rather than for plant fuel. The coal residue could then be gasified, possibly 
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with air, for the production of desulfurized low Btu fuel gas for captive use. 

heating values produced by this scheme can be absorbed in the total plant 

design without introducing a fuel imbalance. 

The design criteria do not permit purchase of hydrocarbon feedstocks for plant 

startup; also, the plan is to include demonstration of production of syngas by 

gasification of coal or a coal-sourced solid in the design. These objectives 

could be achieved using the plant modification for syngas described above. With 

this modification, the gasification operation is removed from the main production 

line and becomes a service plant producing fuel gas at low pressure, Such a 

service plant can be designed with as many parallel trains as are required to 

support a desired design service factor. 

A brief description of the approach and the procedures that were used in preparing 

:his document will aid in the rapid assimilation of its contents. 

In Section 3, Design Basis, a statement of the primary characteristics of the 

coal conversion plant and its supporting facilities is presented. In formulating 

this design basis, the objective of the demonstration plant facility was conceived 

to be: 

® To speed the commercialization of coal conversion processes for production 

of "clean" fuels from indigenous high sulfur coals 

• To leap-frog the pilot plant program and to gain time in the development 

of commercially viable coal conversion processes 

• To provide adequate liquid fuels for prolonged testing in commercial power 

plant operations 

3 101 



• To provide definition of performance requirements and financial incentive 

for prompt development of the hardware required for the large-scale coal 

conversion plants and their test in the demonstration plant facilities 

• To demonstrate the operability of commercial scale coal conversion 

equipment 

• To p rov ide  a bas i s  for  a c c u r a t e  p r e d i c t i o n  of  the  economics of  commercial 

scale coal  convers ion  p l a n t s  

• Following demonstration plant operation, to  permit simultaneous design of 

m u l t i p l e  commercial coal  convers ion  p l a n t s  

The process  d e s c r i p t i o n  and process  block flow diagram p resen ted  in Sec t ion  4 

i l l u s t r a t e ,  in  gene ra l  terms,  the  c o n f i g u r a t i o n  of  the  coal  convers ion  p l a n t .  

t he se  i tems,  p lus  t he  m a t e r i a l  sad u t i l i t y  balance, da te  shown in Sec t ion  5, 

se rve  as a bas i s  fo r  the  f ixed  c a p i t a l  investment  e s t i m a t e  and schedu l ing  

in fo rma t ion  summarized in subsequent  s e c t i o n s .  

A budget estimate for the costs of designing, engineering, procuring and construc- 

ting the physical facilities is presented in Section 8. Estimates for additional 

costs such as initial charge of catalysts and chemicals, startup, and initial 

working capital are also summarized in this section in order to provide an esti- 

mate for the total project dollar requirement through plant startup. 

The rate of dollar utilization for the design and construction period of the 

project is shown in Section 9 and is based on the estimated total capital require- 

ments summarized in Section 8 plus the project schedule in Section 10 depicting 

the work that would be accomplished during the design-construction of the project. 
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This schedule developed for planning purposes, assumes project activation on 

I, 1974. 

The operability, re!iabili<y and performance of the demonstration plant is dis- 

cussed in detail in Section Ii, and possible design improvements affecting 

economics and better reliability are reviewed in Section 12. 

The contents of this report provide the basis for the next stage of pl~nnin~ for 

the creation and utilization of this facility. 
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SECTION 2 

SUb~RY 

Parsons has completed a d e t a i l e d  p r e l i m i n a r y  p rocess  des ign  and c a p i t a l  i n v e s t -  

ment e s t i m a t e  fo r  a p r o j e c t  to de s ign ,  eng inee r ,  p rocu re ,  c o n s t r u c t ,  and s t a r t  up 

a d e m o n s t r a t i o n - s c a l e  p l an t  to produce c lean  b o i l e r  f u e l s  from coa l .  The r e s u l t s  

of this work are summarized in this report. 

The project plan is based on construction of a demonstration plant in Southern 

Illinois for preliminary cost estimate purposes. This location was arbitrarily 

chosen; however, it me~ts the desired criteria of availability of large resources 

of high-sulfur coal and a large potential utility/industrial market that has 

ecological restrictions for high-sulfur coal use. 

The des ign  bas i s  was provided by OCR and i t s  process  development c o n t r a c t o r s .  

The demons t ra t ion  p l a n t  w i l l  have the c a p a c i t y  to  process  lO,000 tons of  coal  

per  day and produce approximate ly  25,000 b a r r e l s  of  l i q u i d  p roduc t s .  The pr imary 

p roduc t s  c o n s i s t  of  two grades of  c lean  b o i l e r  f u e l s ;  secondary products  a re  a 

h igh -g rade  naphtha and s u l f u r .  The l i q u i d  b o i l e r  f u e l s  w i l l  have an energy 

content of approximately 145 billion Btu per day, which can generate 620 megawatts 

of electrical energy based on a 35% efficiency in the power generation step. 

The largest  quan t i t y  b o i l e r  fue l  w i l l  be roughly equivalent to a No. 6 fue l  o i l ,  

conta in  0.5% s u l f u r ,  and provide 65% of  b o i l e r  fue l  energy produced. The second 

b o i I e r  fuel  w i l l  approximate a No. 4 fuel  o i l  wi th 0.2% su l f u r  and contain 35% 

of  the fuel  product. 

104 6 



All energy to operate the plant will come from by products produced from coal to 

process units. 

~e 

The coal conversion process plants will consist of a coal liquefaction unit and 

a gasifier unit to produce synthesis gas (syngas) from coal-derived materials. 

Ten thousand tons of coal per day will be fed to the liquefaction unit, which is 

a modified SRC plant. This unit will dissolve the majority of the feed coal in 

a coal-derived solvent in the presence of reducing gases at elevated temperatures 

and pressures. The lighter clean boiler fuel, containing 0.2% sulfurs will be 

produced by hydrodesulfurization (HDS) of a portion of the de-ashed solvent 

refined coal produced in this process plant. The filter cake s produced during 

the process of separation of residual coal and liquil products, wil~ go to the 

gasifier unit where it will be reacted with steam and oxygen at elevated temper- 

ature and pressure to produce the hydrogen-containing reducing syngas required for 

operation of the modified SRC unit. By-product gases produced will be burned 

cgptively as fuel to produce the necessary steam and electrical energy required 

to operate the complex. 

An artist's conception of the plant is presented. The preliminary estimate is 

that the facilities will occupy approximately 350 acres; a site containing 

600-plus acres is recommended. 

A fixed-capital investment estimate was developed by Parsons'for use in planning 

future budgets; estimate is preliminary and is targeted to be within the -5 to 

+20% accuracy range, based upon the process shown in Section 4, utilizing histori- 

cal in-house costs and factors to determine final plant constructed costs. 

The estimated fixed Capital investment is $270 million. 
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Included in the $270-million estimate are the necessary ancillary facilities 

such as administration, laboratory, cafeteria, maintenance, warehouse, and other 

related buildings and equipment, maintenance equipment, road paving, fire pre- 

vention, and utilities distribution systems required to efficiently operate 

this grass-roots complex in Southern Illinois. 

In addition to the fixed capital investment for these physical facilities, it is 

estimated that an additional investment of $40 million would be required to carry 

the project through the startup period. These additional funds are for such items 

as initial charge of catalysts and chemicals, plant startup expenses, and initial 

working capital. The total budget project capital estimate, excluding interest 

during construction, therefore, is approximately $310 million for the period 

through startup. Depending on the financing arrangements used, the interest during 

construction is expected to be in the range of zero to $50 million. Direct 

standard operating costs for the plant startup period would be in addition to 

this cost. 

A project schedule has been prepared for use in planning. This schedule indicates 

that a demonstration plant could be designed and constructed to a point of 

mechanical completion by the third quarter of 1977, assuming contract award on 

January I, 1974. Production from this clean boiler fuel facility would be 

expected during Calendar Year 1978. This schedule is based on award of full 

project responsibility to a major contractor such as Parsons. 

h fund  r e q u i r e m e n t  s c h e d u l e  has been  p r e p a r e d  based  on t h e  e s t i m a t e d  $ 3 1 0 - m i l l i o n  

budge t  c a p i t a l  i n v e s t m e n t  r e q u i r e m e n t  and t h e  p r o j e c t  s c h e d u l e .  The fund r e q u i r e -  

ment s c h e d u l e ~  showing e s t i m a t e d  e x p e n d i t u r e s  on a s emiannua l  b a s i s ,  would b u i l d  
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proxressively through Fiscal Years 1974 and 1975, and peak in the last half of 

Year 1976 at approximately $86 million; total expenditures in Fiscal 

Year 1976 would!be approximately $154 million plus interest. Details of the 

fund requirement schedule, adequate for use as an appropriation schedule guide, 

are shown in Section 9; interest burden during construction must be added to 

these values. 

There are a number of uncertainties in this current design, which is based on 

immature technology and precedes the availability of experimental results from 

pilot-plant operations for the two primary coal conversion steps of liquefaction 

and production of syngas by the specified mode of gasification. The future 

development program should include input of data from the total coal conversion 

program laboratory and pilot-plant work to confirm and substantiate the design. 

W~ understand that OCR intends to support this plan. Recommendations for a program 

: o  develop the required data and performance inputs are presented in this report 

and additional recommendations Mill follow. 

At this point in time, it is not practical to predict a standard of performance 

if the plant is constructed based on this preliminary design. We recommend 

that further consideration be given to certain design modifications to permit 

the employment of as much developed technology as practical without sacrificing 

or compromising the project. 

Supplementary reports containing a summary of profitability analyses plus addi- 

tional design and equipment detail will be issued during October 1973. 
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SECTION 1 

INTRODUCTION 

This second volume completes the technical report by The Ralph M. Parsons 

Conpeny for the preliminary design and capital cost estiTn~_~e of a demonstration- 

scale plant to produce clean boiler fuels from coal. Included in this volum~ 

are the various flow diagrams and material balance data necess~zy to suSstan~iete 

the preliminary design bases of the demonstration pl~nt as reference~ and pre- 

sented in Volume I. This work was done at the request of the Office of Coal 

Research (OCR). 

The demonstration plant as defined in Volumes i and ii will have the capacity 

to process i0,000 tons of coal per day and to produce approximately 25,000 bar- 

rels of liquid products. The primary products consists of two grades of clean 

boiler fuels; secondary products are a high-grade naphtha and sulfur. 

The prime objectives and overall plant preliminary design work were covered in 

Volume I, dated September 21, 1973. These preliminary design objectives were: 

(I) To establish a preliminary demonstration plantl design to effectively 

produce clean boiler fuels from coal. 

(2) To estimate the budget for fixed capital investment requirement for 

the design, engineering, procurement, and construction of the coal 

conversion complex. 

(5] To estimate the earliest date at which the coal conversion plant could 

be mechanically complete and ready to begin production operations. 

(4] To estimate the required fund drawdown schedule; i.e.= the amounts of 

money that would be expended during each semi-annual period over the 

life of the project. 

q"ne process design bases and yields for this plant were supplied to Parsons by 

OCR process development contractors and were based on the OCR process design 

concept which was considered to have the greatest potential for converting a 

typical coal entirely into desulfurized liquid fuels. To support this work, 

OCR m~de arrangements for the Pittsburg 5 Midway Coal Mining Company (PeM] to 

supply Parsons a process design basis and supporting technology for coal 
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l i q u e f a c t i o n )  and wi th  Bituminous Coal Research ,  Inc.  (BCR) to supply a process  

des ign  bas i s  for  the  g a s i f i c a t i o n  of  a coal  r e s i d u e  to produce s y n t h e s i s  gas for  

c a p t i v e  use .  R e p r e s e n t a t i v e s  of  OCR and these  two companies provided  these  

des ign  pa rame te r s .  

On the  bas i s  of  i n fo rma t ion  prov ided  by P~M and BCR, OCR i n s t r u c t e d  Parsons to  

proceed with  a p r e l i m i n a r y  des ign  as the f i r s t  s tep  in a development program to  

b r ing  coal  convers ion  p r o c e s s e s  to commercial r e a l i t y .  The des ign  r e p r e s e n t s  

s u b s t a n t i a l  e n g i n e e r i n g  judgment fo r  the  s e l e c t i o n  of both the  equipment r e q u i r e d  

and the  p r oce s s ing  c o n d i t i o n s  to be used to ach ieve  the  p r o j e c t t s  o b j e c t i v e s .  

Parsons unders tands  t ha t  t h i s  approach i s  c o n s i s t e n t  with OCR's ph i losophy  of  

a c c e p t i n g  p o t e n t i a l  r i s k s  in p l a n t  performance and u n c e r t a i n t i e s  in cos t s  in order  

to  speed the  development of  v i a b l e  commercial de s igns .  Af te r  complet ion of  t h i s  

f i r s t  s t ep ,  des ign  r e f i n e m e n t s  may be p o s s i b l e  wi th  d e s i r a b l e  improvements in 

economies,  o p e r a b i l i t y ,  u t i l i t i e s  consumption,  and o v e r a l l  p l a n t  thermal  e f f i c i e n c y .  

I t  should be r ecogn ized  t h a t  t h i s  p r e l i m i n a r y  des ign  is  based on immature t ech -  

nology and p recedes  the  a v a i l a b i l i t y  of  exper imenta l  r e s u l t s  from p i l o t  p l a n t  

o p e r a t i o n s  fo r  the  two pr imary coal  convers ion  s teps  of  l i q u e f a c t i o n  and produc-  

t i o n  of  syngas by the  proposed mode of  g a s i f i c a t i o n .  

To supplement Volume I ,  the  o v e r a l l  p l a n t  p rocess  d e s c r i p t i o n ,  p rocess  flow block 

diagram, and m a t e r i a l  ba lance  da t a  are  p r e sen t ed  in Sec t ion  2. As a f u r t h e r  a id ,  

the  more d e t a i l e d  p rocess  flow diagrams fo r  each of  the va r ious  u n i t  a reas  of  

the  demons t ra t ion  p l a n t  are  p r e s e n t e d  in Sec t ion  3. Mate r i a l  ba lances  for  each 

of  t h e s e  v i t a l  p rocess  a reas  are  inc luded  on each of the  process  flow diagrams.  

For convenience ,  a l i s t i n g  of  a l l  major equipment shown and r e q u i r e d  in the  

va r ious  u n i t  a rea  p rocess  flow diagrams i s  i nc luded  in  Sec t ion  4, Major Equip- 

ment Summary. The equipment cos t  for  each of  the  p rocess  areas  i s  p r e s e n t e d  in  

the  Unit  Cost Tabu la t ion  (Sec t ion  5) .  

F i n a l l y ,  the  p lo t  p lan  of  Sec t i on  6 env i s ions  the  demons t ra t ion  p l a n t  l ayout  as 

r e q u i r e d  f o r  a major  g r a s s - r o o t s  p l a n t  complex. As i n d i c a t e d ,  the  t o t a l  a rea  i s  

about 300 ac res  fo r  the  b u i l d i n g  and p rocess  a r e a s .  Land a I l o t m e n t s  are  based 

upon a p r e l i m i n a r y  l ayout  of  p r o j e c t e d  p rocess  equipment and a n c i l l a r y  f a c i l i t i e s  

f o r  the  t o t a l  complex. 
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SECTION 2 

PROCESS DESCRIPTION 

The process configuration is depicted in the overall process flow block diagram, 

Figure I, which immediately follows this section. For convenience of presen- 

tation, the clean boiler fuel plant complex is described as being composed of 

three major parts: (I) coal preparation, (2) a coal liquefaction section, and 

(3) a gasification section. 

The clean boiler fuel complex is designed to charge i0,000 tons of coal per 

day, and to produce as its major products two low-sulfur liquid fuel streams. 

The two forms of fuel will consist of a liquid product containing approximately 

0.5 weight percent sulfur, sufficient to fuel a 400-megawatt power plant, and 

a desulfurized distillate fuel oil product containing 0.2 weight percent sulfur, 

to fuel a 200-megawatt power plant. By-products consist of hydro- 

treated naphtha and the sulfur recovered from the various desulfurizing processes. 

The light hydrocarbons produced are burned for plant fuel. 

A coal liquefaction process is being developed by the Pittsburg and Midway 

(P&~l) Coal Mining Company under contract to the OCR; it produces de-ashed fuels 

from coal. Data and experience from the P~M work have been used as background 

for this design. A gasification process is being developed by Bituminous Coal 

Research, Inc. (BCR), also under contract to the OCR; background data from the 

BCR work, as well as other sources, have been used in this design. The 
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gasification process will convert wet filter cake from the liquefaction section 

to the reducing gas required for the operation of the liquefaction process. 

COAL SUPPLY 

Run-of -mine  c o a l  w i l l  be p u r c h a s e d .  The c l e a n  b o i l e r  f u e l  complex w i l l  s t o r e  

a t h r e e = d a y  s u p p l y ,  and w i l l  p r e p a r e  i t  f o r  f e e d  to  t h e  p r o c e s s  u n i t s  as 

d e s c r i b e d  in t h e  s u b s e c t i o n s  t h a t  f o l l o w .  

COAL RECEIVING , STOCKPILING, AND RECLAIMING 

Coal i s  r e c e i v e d  a t  t h e  r a t e  o f  12,500 tons  pe r  day.  A r a i l  c a r  dumper dumps 

each  c a r  i n t o  a hopper  below r a i l  l e v e l .  This  hopper  can a l s o  r e c e i v e  coa l  

from mine t r u c k s .  A v i b r a t i n g  f e e d e r  f eeds  t h e  coa l  on to  a b e l t  conveyor  t h a t  

t r a n s f e r s  i t  t o  a r a i l - m o u n t e d  s l ew ing  s t a c k e r ,  which p l a c e s  i t  in  s t o r a g e .  

The s t o c k p i l e  w i l l  ho ld  37,500 tons  o f  c o a l ,  o r  a t h r e e - d a y  i n v e n t o r y .  Com- 

p a c t o r s  have been p r o v i d e d  f o r  compac t ing  t h e  s t o c k p i l e ,  i f  needed .  

Rec la iming  i s  done by a bucke t  whee l ,  mounted on t i r e s ,  f e e d i n g  a t r a n s v e r s e  

conveyor  to  one o f  t h e  two r e c l a i m  b e l t  c o n v e y o r s .  A t r a n s v e r s e  conveyor  t a k e s  

t h e  coa l  from e i t h e r  o f  t h e  r e c l a i m  c o n v e y o r s  and d e l i v e r s  i t  t o  t h e  coal  p r e p -  

a r a t i o n  p l a n t  f o r  washing .  

The stockpiling system will handle 900 tons of coal per hour, and the reclaim 

system will handle 800 tons per hour. 

COAL PREPARATION, DRYING, AND GRINDING 

The f low sequence  f o r  t h i s  s e c t i o n  i s  shown in  F i g u r e  2, Uni t  Area i0 Coal 

P r e p a r a t i o n .  Coal c o n t a i n i n g  an a v e r a g e  o f  about  10% m o i s t u r e  i s  r e c l a i m e d  

from t h e  s t o c k p i l e  and conveyed  to  a 300- ton  b i n .  A 6 0 - i n c h  r e c i p r o c a t i n g  
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plate feeder removes the coal from the bin and places it on a 48-inch belt 

fitted'with a tramp iron magnet, which feeds an 8- by 20-foot scalp- 

ing screen. The 5-inch, plus, coal is fed to a rotary coal breaker. Oversize 

refuse from the breaker is returned to the mine for burial. The broken coal 

(S-inch, minus) is placed on a 48-inch belt conveyor, where it is combined with 

the undersize coal from the screen and dumped onto an 8s000-ton storage pile. 

Coal is withdra~ from the storage pile and conveyed to the washing plant, 

where a series of jigs, screens, centrifuges, cyclones, and a roll crusher clean 

the coal and reduce it to minus 1-1/4 inches. 

also returned to the mine area for disposal. 

settling ponds. 

Refuse from this operation is 

Wet fine refuse is pumped to 

The clean l-I/4-inch, minus, coal is then dried in a flow dryer and reduced to 

I/8-inch, minus, in two Cage-Paktor pulverizers for dissolver feed. The coal 

liquefaction equipment is shown in Figure 3, Coal Slurrying, Liquefaction, and 

Distillation. To prepare the feed to the SRC unit, the dried, ground coal is 

transferred by conveyor to the coal solvent slurry tank; i0,000 tons of coal 

and 20,000 tons of recycle solvent per day are metered into this tank. The 

slurry of i/8-inch, minus, coal in SRC solvent is pumped through a low-pressure 

loop that feeds high-pressure pumps; these pumps transfer the slurry to the 

dissolvers at pressure up to 1,000 pounds per square inch. Excess slurryin the 

loop is returned to the slurry tank. 

LIQUEFACTION PROCESS 

This section includes the coal slurrying, dissolving, and distillation opera- 

tions that are shown in Figure 3. Acid gas removal facilities, serving as an 
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auxiliary to this section, are shown in Figure 4, Unit Area 13 Dissolver Acid 

Gas Removal. 

The f e e d  - -  10 ,000  t o n s  p e r  day o f  1 / 8 - i n c h ,  m i n u s ,  c o a l  - -  i s  combined w i t h  

u n f i l t e r e d  s o l v e n t  t o  form a 50 w e i g h t  p e r c e n t  s l u r r y ,  which  i s  pumped t o  t h e  

p r e h e a t  f u r n a c e .  The s l u r r y  i s  combined  w i t h  syngas  and w a t e r ;  t h e  r e s u l t i n g  

m i x t u r e  i s  p r e h e a t e d ,  and f ed  t o  t h e  r e a c t o r ,  which i s  o p e r a t i n g  a t  abou t  850"F 

and 1 ,000  p s i g .  The p r o d u c e  m i x t u r e  f rom t h i s  r e a c t i o n  s y s t e m  c o n s i s t s  o f  a 

l i q u i d  p h a s e ,  a s o l i d  phase  o f  a sh  p l u s  u n d i s s o l v e d  c o a l ,  and a gas p h a s e .  The 

gas p h a s e  i s  s e p a r a t e d ,  s c r u b b e d  t o  remove h y d r o g e n  s u l f i d e  and ca rbon  d i o x i d e ,  

and i t s  ma jo r  p o r t i o n  i s  combined  w i t h  make-up syngas  and r e c y c l e d  t o  t h e  f e e d .  

The e x c e s s  gas  i s  r e l e a s e d  t o  t h e  f u e l  s y s t e m .  The s o l i d  phase  i s  s e p a r a t e d  

from a p o r t i o n  o f  t h e  l i q u i d  p h a s e  by means o f  f i l t r a t i o n ,  and i s  t h e n  t r a n s -  

f e r r e d  t o  t h e  g a s i f i c a t i o n  p l a n t ,  where  t h e  r e s i d u a l  c a r b o n a c e o u s  m a t e r i a l  i s  

g a s i f i e d  t o  p r o d u c e  s y n g a s .  The r e m a i n d e r  o f  t h e  u n f i l t e r e d  d i s s o l v e r  l i q u i d  

p r o d u c t ,  c o n t a i n i n g  u n d i s s o l v e d  c o a l  p a r t i c l e s ,  i s  u sed  f o r  r e c y c l e  t o  s l u r r y  

t h e  f e e d  c o a l .  

The l i q u i d - p h a s e  f i l t r a t e  p r o d u c e d  in  t h e  f i l t r a t i o n  o p e r a t i o n  p a s s e s  t o  a 

s e p a r a t i o n  s e c t i o n ,  where  i t  i s  f r a c t i o n a t e d  to  p r o d u c e  a n a p h t h a  s t r e a m ,  a 

d i s t i l l a t e  t h a t  w i l l  be d e s u l f u r i z e d  t o  become l i g h t  b o i l e r  f u e l ,  and t h e  r e s i d -  

ua l  f u e l  o i l .  The r e s i d u a l  f u e l  o i l  w i l l  have  a s u l f u r  c o n t e n t  o f  abou t  0 . 5  

w e i g h t  p e r c e n t ,  and i s  an a d e q u a t e  q u a n t i t y  t o  f u e l  a 400-megawat t  power p l a n t .  

FUEL OIL HYDROGENATION 

The f low s e q u e n c e  f o r  t h i s  p r o c e s s  i s  shown i n  F i g u r e  S,  Un i t  Area 1S Fuel  Oi l  

H y d r o g e n a t i o n .  Feed t o  t h i s  u n i t  i s  t h e  d i s t i l l a t e  s t r e a m  p r o d u c e d  in  t h e  d i s -  

t i l l a t i o n  u n i t .  A p o r t i o n  o f  t h e  p r o d u c t  f rom t h i s  u n i t  i s  u sed  as  a b s o r p t i o n  
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oii to recover phenols from process water. The phenol-laden absorption oil is 

mixed with the distillate fresh feed, combined with hydrogen gas, preheated to 

reaction temperature, and reacted in contact with desulfurization catalyst to 

convert the sulfur and nitrogen content of the oil to hydrogen sulfide and 

ammonia. Reactor effluent is separated into a gas, which is recycled, and a 

liquids which is stripped of light ends and naphtha. The naphtha is directed to 

the naphtha hydrogenation unit, and the stripped product is cooled and directed 

to storage as a light fuel oil product containing a maximum of 0.2% sulfur. 

This product is an adequate quantity to supply fuel for a 200-megawatt power 

plant. 

NAPHTHA HYDROGEN~IION 

The flow sequence and material balance for this process are shown in Figure 6, 

Unit Area 16 Naphtha Hydrogenation. Light liquid produced in the coal liquefac- 

tion process plus naphtha formed during the SRC distillate hydrogenation step 

are combined, and are hydrotreated to remove additional sulfur and nitrogen. 

The levels of nitrogen and sulfur in the product naphtha will be reduced to 

approximately 5 and 1 parts per million, respectively. The composition and 

purity of this high-quality naphtha will make it suitable for sale. 

FUEL CAS SULFUR RK~IOVAL 

Tn~ sequence of flow and material balance for this facility are shown in 

Figure 7, Unit Area 17 Fuel Gas Sulfur Removal. Low-pressure gases produced in 

the various units are combined and fed to the fuel gas sulfur removal umit, 

where the carbon dioxide and hydrogen sulfide are removed. The hydrogen sulfide 

is converted to sulfur in the sulfum recovery unit; the~ carbon dioxide is vented 

to the atmosphere. The sulfur plant incllldes a tail gas pumificationunit~ and 
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produces an effluent that meets existing environmental requirements. The 

"sweet" gases, following removal of carbon dioxide and hydrogen sulfide, are 

used as fuel within the plant. 

GASIFIER 
i i 

The flow scheme and material balance for this unit are shown in Figure 8, Unit 

Area 18 Gasification. Wet filter cake from the liquefaction process is fed to 

a slagging, suspension-type gasifier unit, where it is contacted with steam and 

oxygen at an elevated temperature of 3,000°F and a pressure of 200 psig. The 

carbonaceous material is gasified and produces pri~rily synthesis gas (carbon 

monoxide and hydrogen). The oxygen required for the operation of this unit is 

captively produced. 

The synthesis gas product from the gasifier is passed through heat recovery 

boilers, coarse char cyclones, and a venturi scrubbing system. Solids containing 

carbon are reclaimed and recycled to the slagging section of the gasifier unit. 

The cooled synthesis gas is then treated for carbon dioxide and hydrogen sulfide 

removal by absorption in the acid gas removal system. The off-gas (hydrogen 

sulfide) stream is sent to the sulfur plant for treatment and recovery of sulfur 

values. The flow sequence and material balance for this auxiliary facility are 

shown in Figure 9, Unit Area 19 Acid Gas Removal. 

Most of the purified gas effluent from the acid gas removal system is used 

directly as a reducing gas in the coal liquefaction plant. Gas not sent 

directly to the liquefaction section is converted to high-purity hydrogen that 

is used in the fuel oil and naphtha hydrogenation unit. The slag that is produced 

in the gasification unit is solidified and transported to a storage pile located 
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in the vicinity of the feed coal storage pile. The slag will be removed from 

site as a back-haul item for the coal supply trains. 

HYDROGEN~d~uTACTdRE 

High-purity hydrogen manufacture employs three processing steps -- shift con- 

version, CO 2 removal, and methanation. The sequence of fiow and material bal- 

ance relating these steps is shown in Figure I0. 

Swset gas produced in the gasification unit is fed to thehydrogen manufacturing 

section, where it is first subjected to shift conversion whereby carbon monox- 

ide reacts with steam to produce hydrogen and carbon dioxide. The gas from 

shift conversion is sent to a carbon dioxide'removal step and a final methanation 

unit, where residual carbon dioxide and carbon monoxide are converted to methane; 

this hydrogen stream is then fed to the product distillate and naphtha hydrogen- 

unit. 

WATER TREATMENT 

Raw water treatment is shown in Figure ii, which indicates the treatment neces- 

sary for raw water usage for domestic, boiler, and cooling-tower makeup 

consumptions. 

The t r e a t m e n t  s equence  o f  p r o c e s s  w a t e r s  i s  shown in  F i g u r e s  12 and 13. P r o c e s s  

w a t e r s  from t h e  o p e r a t i o n s  i n  t h e  p l a n t  a r e  c o l l e c t e d  i n t o  two s t r e a m s ,  one a 

n o n p h e n o l i c  w a t e r  s t r e a m  and t h e  o t h e r  a p h e n o l i c - b e a r i n g  w a t e r .  These  w a t e r s  

a r e  s e t t l e d ,  and e n t r a i n e d  o i l  i s  skimmed from them; t h e y  a r e  t h e n  s t r e a ~ -  

s t r i p p e d  t o  remove hydrogen  s u l f i d e  and ammonia. The p h e n o l i c  w a t e r  r e c e i v e s  a 

c o n t a c t  w i t h  a b s o r p t i o n  o i l  t o  e x t r a c t  t h e  p h e n o l i c  c o n t e n t  o f  t h e  w a t e r .  The 

pheno l s  a r e  r e t u r n e d ,  w i t h  t h e  a b s o r p t i o n  o i l ,  t o  t h e  f u e l  o i l  h y d r o g e n a t i o n  
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u n i t ,  where t h e y  a r e  h y d r o g e n a t e d  and c o n v e r t e d  to  benzene  or  r e l a t e d  

compounds. 

T r e a t e d ,  s t r i p p e d  p r o c e s s  w a t e r  i s  r e t u r n e d  f o r  r e u s e  in t h e  p r o c e s s  a r e a  from 

which i t  came. An a r b i t r a r y  volume o f  s t r i p p e d  w a t e r  i s  d i r e c t e d  to  d i s p o s a l  

v i a  a b i o l o g i c a l  t r e a t m e n t  pond to  purge  t h e  sys t em o f  i m p u r i t i e s  t h a t  may 

build up. 
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SECTION i 

INTRODUCTION 

This report (Volume IIl) summarizes a preliminary economic analysis for a 
demonstration plant designed to produce clean boiler fuels from coal. The 
preliminary design and capital cost estimate were summarized in Volume I, 
dated September 21, 1973, and Volume II, dated November 2, 1975. 

The prime objectives of this work are described in Volume I. The process 
design bases and yields for this plant were supplied to Parsons by Office of 
Coal Research (OCR) process development contractors [referenced in Volume I), 
and were based upon the OCR process design concept that was considered to have 
the greatest potential for converting a typical coal entirely into desulfur- 
ized liquid fuels. For reference, the designbases are included in the 
Appendix to this report. 

The profitability analysis presented herein is based on the design published 
in Volumes I and If. Parsons intends to perform additional design i~nprovement 
work. 

The demonstration plant will have the capacity to process 12,500 tons per day 
(TPD) of run-of-mine coal and to produce approximately 25,000 BPD of Iiquid 
products. Feed to the coal conversion plant will be 10,000 TPD of washed, 

i. Theprimary products consist of two grades of clean boiler fuels; 
products are high-grade naphtha and sulfur. 

Commercial plants will be larger than the demonstration plant. The economics 
of larger-scale production are expected to improve the profitability and allow 
lower product selling prices than those available from this demonstration 
plant. 
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SECTION 2 

SUM~L~RY 

A preliminary design and an economic evaluation have been developed for a 
grassroots coal liquefaction complex to convert 10,000 tons per stream day of 
washed, sized coal to approximately 25,000 bbl/day of liquid products contain- 
ing approximately 156,700 million (~I) Btu/day of useful energy. The economic 
evaluation results are presented herein. 

Investment and economic estimates are based on mid-1975 prices. The 
average product selling prices are calculated at $II.23/bbi or $1.78/MM Btu, 
assuming private ownership, 65/35 debt/equity ratio, 7-1/2% interest rate, 
run-of-mine coal at $5.75/ton, and a 10% discounted cash flow (DCF) return on 
equity. 

If governnent o~mership and operation of the demonstration plant are assumed, to 
break even (return invested capital without interest) over a 10-year operating 
period, the average product selling price must be $8.84/bbi or $1.40/}~ Btu. 

Other cases studied are summarized in Table 2-1, and are presented in more 
detail in Section 7. Sensitivity to variations in coal cost, investment cost, 
and profitability levels are calculated and shown in greater detail in Sec- 
tion S. 
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Table 2-1 - Summary of Average Product Selling Prices Based 
on Coal at $5.75/ton Run of Mine 

Ownership 

Government (not  taxed)  

Private (100% equity) 

Private (65% debt, 
7-1/2% in te res t )  

Private (65% debt, 
9% interes t )  

lO-yr 
Project 

Life, 
O% DCF 

($/MM Btu) 

DCF a for 20-yr Project Life 

o% 
($/MM Btu) 

10% 
($1MM Btu) 

20% 
($/MM Btu) 

1.40 

1.61 

1.75 

1.79 

1.08 

1.21 

1.40 

1.45 

2.12 

1.78 

1.85 

3.62 

2.44 

2.51 

aDCF = discounted cash flow. 
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ABSTRACT 

At the request of the Office of Coal 
Research (OCE), The Ralph M. Parsons Company 
has completed a Study of prelimina~ design 
and estimated capital investment for a 
demonstration-scale plant to produce two 
t>~es of clean low-sulfur, high-Btu oils 
froz coal. Design objectives were to: 
establish ~ effective plant design; esti- 
mate capital investment requirements; 
e~timate the earliest possible production 
date; estimate each budget period du@ing 
construction; shorten lead time for commer- 
cial coal-conversion processes; provide 
enough liquid fuels for power-plant testing; 
specify performance parameters and financial 
incentives for immediate design of conver- 
sion plsr~t hard~xar~; demonstrate efficiency 
of commercial-scale plant equipment; provide 
a basis for economic predictions regarding 
co~ercial plants; and enable concurrent 
design of multiple plants. 

The demonstration pl~nt is designed to 
~rocess 10j000 tons of coa! daily. It con- 
~ n s  two primary process units: (i) a 
qIWodified solvent refined coal unit, and 

(2) a gasifier producing syn~as (SNG). 
Plant processes include thre. major 

Tables ~d illustrat~ons at end of paper. 

divisions: (I) coal preparation° (29 coal 
liquefaction= and (39 gasification. %~ne 
plant is ~esigned to produce a pair of low- 
sulfur liquid fuel streams. The first stream 
will produce approximately 0.5 weight percent 
sulfur, sufficient to provide fuel for a 
400,000-kW power plant; the second is fuel 
oil containing 0.2 weight percent sulfurs 
adequate for a 200,000-kW plant. By-products 
are hydrotreated naphtha and recovered sulfur. 
The plant could be converted to produce 
approximately 67 million cubic feet of SNG 
daily. Estimated total fixed capital invest- 
ment is $270 million. 

INTRODUCTION 

At the request of the Office of" Coal 
Research (OCR), The Ralph M. Parsons Company 
has completed a study of preliminary design 
and estimated capital investment for a 
demonstration-scale plant to produce clean 
Iow-sulfur~ high-Btu oils of two types from 
coal. A demonstration-scale plant is defined 
for these purposes as one of sufficient size 
to demonstrate the comnercial viability of 
the technology employed as well as product 
performance. Tais includes predictions of 
operating economics and sufficient design 
confidence for simultaneous design of 
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2 DESI(~ OF A DEMONSTRATION PLANT TO PRODUCE CLEAN OILS FROM COAL 

multiple commercial units, based on experi- 
ence acquired during design and operation of 
the demonstration plant. 

Process design bases and yields for 
this plant were provided by OCR process 
development contractors. These were based 
on the OCR process design concept adjudged 
to have the greatest potential for converting 
a typical coal entirely into desulfurized 
and deashed liquid fuels. 

On the  b a s i s  o f  i n f o r m a t i o n  p r o v i d e d  by 
o t h e r  OCR c o n t r a c t o r s ,  a p r e l i m i n a r y  des ign  
was deve loped  as t he  f i r s t  s t e p  in a program 
to  b r i n g  coa l  c o n v e r s i o n  p r o c e s s e s  to  commer- 
c i a l  r e a l i t y .  The d e s i g n  i n c o r p o r a t e s  much 
e n g i n e e r i n g  r e s e a r c h  - f o r  s e l e c t i o n  o f  
equipment  r e q u i r e d  as we l l  as f o r  d e v e l o p -  
merit o f  p r o c e s s i n g  t e c h n i q u e s  t o  a ch i eve  
project objectives. 

This  approach  i s  c o n s i s t e n t  wi th  OCR's 
a c c e p t a n c e  o f  p o t e n t i a l  r i s k s  in  p l a n t  p e r -  
formance and cos t  u n c e r t a i n t y  in o r d e r  to  
speed the  development  o f  v i a b l e  commercial  
d e s i g n s .  I t  should  be r e c o g n i z e d  t h a t  t h i s  
p r e l i m i n a r y  des ign  i s  ba sed  on immature 
t e c h n o l o g y .  I t  p r ecedes  the  a v a i l a b i l i t y  o f  
e x p e r i m e n t a l  r e s u l t s  from p i l o t - p l a n t  ope ra -  
t i o n s  f o r  the  two p r i m a r y  coa l  c o n v e r s i o n  
s t e p s ,  which a re  l i q u e f a c t i o n  and p r o d u c t i o n  
o f  s y n t h e s i s  gas ( syngas)  by a p roposed  mode 
o f  g a s i f i c a t i o n .  

Design O b ) e c t i v e s  

Objectives of the preliminary design 
work~were: 

( I )  To e s t a b l i s h  a d e m o n s t r a t i o n  p l a n t  
des ign  to  e f f e c t i v e l y  produce  l o w - s u l f u r  o i l s  
from c o a l .  O i l s  produced a re  to  be c l e a n l y  
combus t i b l e  b o i l e r  f u e l s  mee t ing  a p p l i c a b l e  
environmental protection codes. 

(2) To estimate capital costs of 
design, engineering, procurement, and con- 
struction of the coal conversion complex. 

(3) To provide an estimate of the 
earliest possible startup date for the coal 
conversion plant. 

(4) To develop a budget including 
planned expenditures of funds during each 
semiannual period over the life of the 
project. 

Demonstration P l a n t  Goals 

The demonstration plant facility was 
conceived to meet the following goals: 

(1) F o s t e r  e a r l y  c o m m e r c i a l i z a t i o n  o f  
coa l  c o n v e r s i o n  p r o c e s s e s  to  p roduce  c l e a n  
f u e l s  from ind igenous  h i g h - s u l f u r  c o a l s .  

(2) Gain time in development of commer- 
cially viable coal conversion processes by 
leapfrogging the pilot-plant program. 

(5) Provide adequate liquid oil fuels 
for prolonged testing in commercial power 
plant operations. 

(4) Define performance requirements and 
financial incentives for prompt development 
of hardware required for large-scale coal 
conversion plants, and to test these in 
demonstration plant facilities. 

(5) Demonstrate the operability of 
commercial-scale coal conversion equipment. 

(6) Provide a basis for accurately pre- 
dicting the economic viability of commercial- 
scale coal conversion plants. 

(7) Fol lowing  d e m o n s t r a t i o n  p l a n t  o p e r a -  
t i o n  and a p p l i c a t i o n  o f  r e s u l t i n g  d a t a ,  p e r m i t  
s i m u l t a n e o u s  de s ign  o f  m u l t i p l e  commercia l  
coa l  c o n v e r s i o n  p l a n t s .  

The p r o c e s s  d e s c r i p t i o n  and p r o c e s s  b lock  
flow ske tch  i nc luded  he re  d e f i n e ,  in  g e n e r a l  
t e r m s ,  the  c o n f i g u r a t i o n  o f  the  coa l  conv e r -  
s ion  p l a n t .  These i t e m s ,  p lus  m a t e r i a l  and 
u t i l i t y  b a l a n c e s  and equipment  l i s t s ,  a re  the  
bases  f o r ' t h e  f i x e d  c a p i t a l  i n v e s t m e n t  e s t i -  
mate and s c h e d u l i n g  i n f o r m a t i o n  summarized in 
subsequen t  s e c t i o n s .  

Budget e s t i m a t e s  f o r  the  c o s t s  o f  d e s i g n -  
ing ,  e n g i n e e r i n g ,  p r o c u r i n g ,  and c o n s t r u c t i n g  
the  p h y s i c a l  f a c i l i t i e s  a r e  p r e s e n t e d .  E s t i -  
mates  f o r  a d d i t i o n a l  c o s t s  such as i n i t i a l  
charge  o f  c a t a l y s t s  and c h e m i c a l s ,  s t a r t u p ,  
and i n i t i a l  working c a p i t a l  a re  summarized to  
p r o v i d e  an e s t i m a t e  f o r  the  t o t a l  p r o j e c t  
d o l l a r  r e q u i r e m e n t  th rough  p l a n t  s t a r t u p .  

The spending  r a t e  f o r  des ign  and con- 
s t r u c t i o n  o f  the  p r o j e c t  i s  g i v e n ,  ba sed  on 
the  e s t i m a t e d  t o t a l  c a p i t a l  r e q u i r e m e n t s  p lus  
the  p r o j e c t  s c h e d u l e .  

O p e r a b i l i t y ,  r e l i a b i l i t y ,  and pe r fo rmance  
o f  the  d e m o n s t r a t i o n  p l a n t  a re  d i s c u s s e d .  
P o s s i b l e  d e s i g n  improvements  a f f e c t i n g  eco-  
nomics and b e t t e r  r e l i a b i l i t y  a re  r ev i ewed .  

The i n f o r m a t i o n  p r e s e n t e d  in t h i s  pape r  
p r o v i d e s  the  b a s i s  f o r  the  nex t  s t a g e  o f  
p l a n n i n g  f o r  the  f a c i l i t y .  
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D SIGN 
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B,~IS 

The design basis, key characteristics, 
mnd products of the oil fuel manufacturing 
facility to process 10,000 tons per day of 
coal a 2 e  covered in this section. The basis 
for this design is a grass-roots manufac- 
turing complex located in southern Illinois. 
|n addition to coal receiving/handling facili- 
ties ~nd the process plants required for the 
production of fuels, the complex will contain 
all necessar/ supportin~ facilities to prop- 
erly serve the needs of administrative, 
o~erating, maintenance, development, and 
service personnel. An artist's concept of 
the facility is show~ in Figure I. 

Products e~Tected are listed in Table i; 
rm¢ materi~_Is are tabulated in Table 2. 

Primary Process Units 

Th~ plant will contain two primary 
process units : 

(I) A modified solvent refined coa! 
(sRc) unit. 

~ LI 
der 

(2) A gasifier unit to produce syngas. 
le unit is being modified from a process 

development and has the following 
characteristics : 

(a) Sufficient capacity t o  supply 
reducing gases for the SRC dissolver, SRC 
liquefied coal hydrogenation, and light oil 
hydrogenation. 

(b) The feed t o  gasifier unit con- 
sisting of equal weights of dry filter cake 
and filtrate from SRC unit. 

Processing Scheme Elements 

Phenolics/cresylics will be recycled to 
extinction by returning this stream to the 
light oil hydrogenator. A fixed-bed hydro- 
genator will be used for the SRC distillate 
hydrogenation. 

Effluent Treatment and Noise Control 

All effluent streams will be treated t o  
me~t ~plic-Jole environmental standards. 

Solid disposal will be integrated with 
co~ delivery to provide haulm~ay and dis- 
posal. Equipment will be designed to meet 

noise level specifications. 

Raw Material and  Product Stora~e 

Inventoz~" of raw materials and products 
be: coal, 5 days; products, 50 days. 

PROCESS DESCRIPTION 

The process configuration is depicted in 
the block process flow diagram, shown as 
Figure 2. To simplify, the clean boiler- 
fuel plant complex is described under three 
major headings: (i) coal preparation, [29 a 
coal liquefaction section, ~ud [5) a 
gasification section. 

The complex is designed to charge i0,000 
tons per day of coal and to produce two low- 
sulfur liquid fuel streams as its major 
products. The two forms of fuel will consist 
of a liquid product containing approximately 
0.5 weight percent sulfur, sufficient to fuel 
a 400-megawatt power plant - and a desulfur- 
ized distillate fuel oil product containing 
0.2 weight percent sulfur, sufficient to f~el 
a200-megawatt power plant. By-products con- 
sist of hydrotreated naphtha and sulfur 
recovered from the various desulfurizing 
processes. Tee light hydrocarbons produced 
are burned for plant fuel. 

If the plant were given an alternate 
product objective, it could convert the gas 
streams to produce approximately 67 million 
cubic feet per day of SNG. In this case, a 
portion of the liquid fuels produced would be 
consumed for in-plant energy needs. 

The SRC process is being developed to 
produce low-sulfur deashed fuels from coal. 
Data and experience from this work have been 
used as background for this design. The Bi- 
Gas gasification process also is being 
developed under contract to the Office of 
Coal Research; data from this work and other 
sources have also been used in this desigrn. 
The gasification process will convert wet 
filter cake from the liquefaction section to 
reducing gas required for operation of the 
liquefaction process. 

Coal Supply 

Run-of-mine coal will be purchased. The 
clean boiler-fuel complex will store a 3-day 
supply and prepare it for feed to the process 
units in the following way. 

Coal Receiving, Stockpiling, and Reclaimin~ 

Coal is received at the rate of 12,600 
tons per day. A rail car dumper dumps each 
cfir into a hopper below rail level. This 
hopper can also receive coal from mine tracks. 
A vibrating feeder feeds the coal onto a belt 
conveyor that transfers it to a rail-mounted 
slewing stacker, whidl places it in storage. 
X"ne stockpile will hold 57,500 tons of coal, 
a 5-day inventory. Compactors will b e  pro- 
vided for compacting the stockpile if needed. 
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Reclaiming is done by a bucket wheel, 
mounted on tires, feeding a transverse con- 
veyor to one of the two reclaim belt convey- 
ors. A transverse conveyor takes the coal 
from either of the reclaim conveyors and 
delivers it to the coal preparation plant 
f o r  washing.  

21ae s t o c k p i l i n g  sys tem w i l l  handle 900 
tons  o f  coa l  pe r  hour ,  and the r ec l a im  system 
800 tons  pe r  hour .  

Coal Preparation, Drying, and Grinding 

Coal c o n t a i n i n g  an average o f  about 
10 p e r c e n t  mois tu re  i s  r ec l a imed  from the 
s t o c k p i l e  and conveyed to  a 300-ton b in .  A 
60 - inch  r e c i p r o c a t i n g  p l a t e  f eede r  removes 
coal  from the b in  and p l aces  i t  on a 48- inch  
b e l t  conveyor  f i t t e d  wi th  a tramp i ron  mag- 
n e t ,  which feeds an 8 - b y - 2 0 - f o o t  s c a l p i n g  
sc reen .  The 3 - i n c h - p l u s  coal  is  fed to a 
r o t a r y  coa l  b r e a k e r .  Overs ize  r e fu se  from 
the  b r e a k e r  i s  r e t u r n e d  to  the  mine f o r  
b u r i a l .  The broken coa l  (3- inch-minus)  is  
p laced  on a 48- inch  b e l t  conveyor  where i t  i s  
combined wi th  the  u n d e r s i z e  coal  from the 
sc reen  and dtnnped i n t o  an 8 ,000- ton  s t o r a g e  
p i l e .  

Coal i s  withdrawn from the s t o r a g e  p i l e  
and conveyed to  the washing p l a n t  where a 
s e r i e s  o f  j i g s ,  s c r e e n s ,  c e n t r i f u g e s ,  
c y c l o n e s ,  and a r o l l  c ru she r  c lean the coal 
and reduce i t  to  minus 1-1/4  inches .  Refuse 
from t h i s  o p e r a t i o n  is  a l so  r e t u r n e d  to the 
mine a rea  f o r  d i s p o s a l .  Wet f i ne  r e fu se  i s  
pumped to  s e t t l i n g  ponds.  

The clean minus 1 - 1 / 4 - i n c h  coal is  then 
d r i e d  in a flow d rye r  and reduced to minus 
I / 8  inch in two p u l v e r i z e r s  f o r  d i s s o l v e r  
feed.  

To p repa re  the  feed to the SRC u n i t ,  the 
d r i e d ,  ground coal  i s  t r a n s f e r r e d  by conveyor  
to  the  coal  s o l v e n t  s l u r r y  t ank ;  10,000 tons 
o f  coal  and 20,000 tons o f  r e c y c l e  s o l v e n t  
per  day are  metered i n t o  t h i s  tank.  The 
s l u r r y  o f  minus 1 / 8 - i n c h  coa l  in SRC s o l v e n t  
i s  pumped through a l ow-p re s su re  loop t h a t  
feeds h i g h - p r e s s u r e  pumps; these  pumps t r a n s -  
f e r  the s l u r r y  to  the  d i s s o l v e r s  at  p r e s s u r e s  
up t o  1,000 pounds pe r  square  inch.  Excess 
s l u r r y  in the loop i s  r e t u r n e d  to the s l u r r y  
tank.  

L i~ue f a c t  i on 

The feed ,  c o n t a i n i n g  10,000 tons per  day 
o f  minus 1 /8 - inch  coal  as a 5 0 - w e i g h t - p e r c e n t  
s l u r r y  in a r e c y c l e  s o l v e n t ,  i s  charged to  a 
r e a c t o r  where i t  i s  c o n t a c t e d  with a r educ ing  

gas at about 850°F and 1,000 psig. The mix- 
ture from this reaction system consists of a 
liquid phase, a solid phase of ash plus 
undissolved coal, and a gas phase. 

The gas phase i s  s e p a r a t e d  and l a r g e l y  
r e c y c l e d  a f t e r  c o n t r o l l i n g  the l e v e l  o f  
i m p u r i t i e s .  ~ e  s o l i d  phase i s  s e p a r a t e d  
from a p o r t i o n  o f  the l i q u i d  phase by means o f  
f i l t r a t i o n ,  and is  then t r a n s f e r r e d  to  the  
g a s i f i c a t i o n  p l a n t  where r e s i d u a l  carbonaceous  
m a t e r i a l  is  g a s i f i e d  to  produce SNG. l%e 
remainder  o f  the  u n f i l t e r e d  d i s s o l v e r  l i q u i d  
p roduc t  c o n t a i n i n g  und i s so lved  coa l  p a r t i c l e s  
i s  used fo r  r e c y c l e  to s l u r r y  the  feed coa l .  

The l i q u i d  phase f i l t r a t e  produced in 
the f i l t r a t i o n  o p e r a t i o n  passes  to  a s e p a r a -  
t i o n  s e c t i o n  where i t  i s  f r a c t i o n a t e d  to  p ro -  
duce a naphtha  s t ream,  a d i s t i l l a t e  t h a t  w i l l  
be d e s u l f u r i z e d  to  become l i g h t  b o i l e r  f u e l ,  
and the r e s i d u a l  fuel  o i l .  The r e s i d u a l  fue l  
o i l  w i l l  have a s u l f u r  con ten t  o f  about 0 .5 
weight  p e r c e n t .  £nough r e s i d u a l  o i l  w i l l  be 
produced to fue l  a 400-megawatt power p l a n t .  

The d i s t i l l a t e  f r a c t i o n  o f  the  coa l  
l i q u e f a c t i o n  product  i s  c a t a l y t i c a l l y  hydro-  
genated to  produce the l i g h t  fue l  o i l  con-  
t a i n i n g  a maximum o f  0.2 pe rcen t  s u l f u r .  I t  
i s  s u i t a b l e  f o r  a 200-megawatt power p l a n t .  

Light  l i q u i d  produced in the  coa l  l i q u e -  
f a c t i o n  p rocess  plus  naphtha  formed dur ing  the 
SRC d i s t i l l a t e  hydrogena t ion  s t ep  are  combined 
and h y d r o t r e a t e d  to remove a d d i t i o n a l  s u l f u r  
and n i t r o g e n ,  qlae l e v e l s  o f  s u l f u r  and n i t r o -  
gen in the produc t  naphtha  w i l l  be reduced to  
approx imate ly  one and f i v e  p a r t s  pe r  m i l l i o n ,  
r e s p e c t i v e l y .  The composi t ion  and p u r i t y  o f  
t h i s  h i g h - q u a l i t y  naphtha  make i t  s u i t a b l e  
fo r  s a l e .  

Gases produced in the  va r i ous  u n i t s  are  
combined and fed to  the  ac id  gas removal p l a n t  
where the carbon d ioxide  and hydrogen s u l f i d e  
are removed. Hydrogen s u l f i d e  i s  conve r t ed  
to  s u l f u r  in the s u l f u r  r ecove ry  u n i t ,  whi le  
the  carbon d iox ide  is  vented  to  the  atmo- 
sphere .  The s u l f u r  p l an t  i nc ludes  a t a i l  gas 
p u r i f i c a t i o n  u n i t .  E f f l u e n t  meets a l l  e x i s t -  
ing envi ronmenta l  r e s t r i c t i o n s .  "Sweet" gases, 
a f t e r  removal o f  carbon d iox ide  and hydrogen 
s u l f i d e ,  are used as fue l  w i th in  the  p l a n t .  

Gasification 

Wet f i l t e r  cake from the l i q u e f a c t i o n  
p rocess  i s - f e d  to  a s l a g g i n g ,  s u s p e n s i o n - t y p e  
g a s i f i e r  u n i t ,  where i t  meets steam and oxygen 
at  an e l e v a t e d  t empera tu re  o f  3,000°F and 
200 ps ig  p r e s s u r e .  Carbonaceous m a t e r i a l  i s  
g a s i f i e d  and p r i m a r i l y  produces  a syngas  
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~onoxide and hydrogen). Oxygen 
for operation of this unit is pro- 

duced in the plant. 

S>~gas from the gasifier is passed 
through heat recover}, boilers, coarse char 
cyclones, and a venturi scrubbing system. 
Solids containing carbon are reclaimed and 
recycled to the slagging section of the 
gasifier unit. 

Cooled s>mgas is then treated for carbon 
dioxide and hydrogen sulfide removal by 
adsorption in the acid gas removal system. 
~rne of-f-gas (hydrogen sulfides) strea~n is 
sent to the sulfur plant for treatment and 
recover>" of sulfur values. 

Most purified gas effluent from the acid 
gas removal system is used directly as reduc- 
ing gas in the coal liquefaction plant. Gas 
not sent directly to the liquefaction section 
is shift-converted, whereby carbon monoxide 
reacts with steam to produce hydrogen and 
carbon dioxide. 

Gas from shift conversion is sent to a 
carbon dioxide removal step and a final 
moth,nation unit where residual carbon diox- 

carbon monoxide are converted to 
Th~ resulting hydrogen stream is 

then fed to the product distillate and naphtha 
hydrogenation unit. 

Slag produced in the gasification unit 
is solidified and transported to a storage 
pile near the feed coal storage pile. Slag 
will be removed from the site as a back-haul 
item for the coal supply trains. 

The overall material balance is sheen 
in Fi~ure 3. 

THErmAL EFFICIENCY 

Z]~e thermal efficiency of the plant 
desi~ can be sho~ by a detailed analysis of 
the energy balances around the separate proc- 
ess units (Figure 4] and the overall energy 
balance (Figure 5]. Thermal efficiency of 
the demonstration plant is defined as gross 
heating value of all products, less utility 
duties, divided by the gross heating value of 
th~ feed coal. 

As shown in Figure 4, unit efficiencies 
are generally high--except for the dissolver 
at 89.2% and the hydrogen purification units ~ 61.0%. Despite these high individual unit 

ficiencies, estimated overall thermal 
fieiency for this pl~nt is 63.5%. 

Stre~ calculations used in the design 
the demonstration plant are based upon 

product yields and compositions supplied by 
0CR development contractors. Whil@ the mass 
of the streams does balance~ there is an incon- 
sistency in elemental balances. To arrive at 
a thermal efficiency figure, it was necessary 
to restate the overall material balance so 
that an elemental balance is obtained for each 
element in the feed (carbon, hydrogen, nitro- 
gen~ sulfur, and oxygen). As a result, the 
stream flow rate for thermal balance will be 
slightly different from those used for equip- 
ment design. 

MAJOR EQUIPMENT SL%~,IARY 

The major equipment items for each unit 
process area sho~m on the process block-flow 
diagram were the basis for the capital invest- 
ment estimate. An example is shown in Table 3. 

Oxygen plant and coal preparation areas" 
are excluded--as are the CO 2 removal area, 
Unit 21, and the sulfur plant, Unit Area 23. 
The last two areas are both considered pro- 
prietary processes. Unit area equipment sizes 
and descriptions are sho~.m in Table 3 by 
equipment item number designation. 

Individual process flow diagrams, material 
balances, and details of process equipment 
items for the various unit areas will be 
available later. 

a 

A preliminary fixed capital investment 
was developed for a grass-roots liquid fuels 
complex in~luding principal process units pre- 
viously described. 

Necessary ancillary facilities are admin- 
istration, warehouse, laboratory, change 
house, cafeteria, and related buildings and 
equipment; computer and communications sys- 
tems; rolling stock (including trucks and 
automobiles for transport within the complex); 
road paving; utilities distribution; and other 
items required for an industrial complex of 
this magnitude. 

Total major equipment and total con- 
stracted costs were developed for each process 
area. An example is shown in Table 4. To 
these costs were added home office engineering~ 
escalation, and sales tax costs, resulting in 
the total project fixed capital investment 
cost shown in Table 5, which lists major 
equipmen t costs and estimated constructed 
costs for~each unit area. Total major equip- 
ment cost for all unit areas is $76~800,000. 
Factored total construction cost is approxi- 
mately $195,000~000. 

~.stimated total fixed capital investment 
is $270 million, including total construction 
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c o s t s ,  home office e n g i n e e r i n g ,  e s c a l a t i o n ,  
and sales taxes. 

In a d d i t i o n  to the  f ixed  c a p i t a l  i n v e s t -  
ment, o t h e r  c o s t s  a re  those  o f  land a c q u i s i -  
t i o n ,  r i g h t s - o f - w a y ,  water  and minera l  r i g h t s ,  
and s t a r t u p .  These i tems a re  e s t i m a t e d  to 
t o t a l  app rox ima te ly  $40 m i l l i o n ,  as shown 
in  Table 6. 

Es t imated t o t a l  c a p i t a l  requi rement  f o r  
the  p r o j e c t ,  i n c l u d i n g  f ixed  c a p i t a l  i n v e s t -  
ment, s t a r t u p  c o s t s ,  and recommended working 
c a p i t a l ,  amounts to about  $310 m i l l i o n .  This 
t o t a l  i s  e x c l u s i v e  o f  i n t e r e s t  burden dur ing  
c o n s t r u c t i o n ,  which depends on the  f i n a n c i n g  
method s e l e c t e d .  

Procedures 

The demonstration plant fixed capital 
investment is a preliminary cost estimate for 
the engineering, design, procurement, and con- 
struction of facilities to process 10,000 tons 
of Illinois No. 6 seam coal to produce low- 
sulfur boiler fuels. The estimate is consid- 
ered to be within the -5 to +20% accuracy 
range as of late 1973. It includes costs of 
process equipment, construction materials, 
field labor, field indirect costs, engineer- 
ing, design and drafting, project management, 
procurement, supporting services and reason- 
able price escalation. Allowances for instru- 
ment checkout and mechanical run-in are also 
included. 

The p r o j e c t  is d iv ided  i n t o  u n i t  a r e a s ,  
as shown in  Table 7. 

Major p roces s  equipment c o s t s  were based 
on p r e l i m i n a r y  vendor p r i c i n g  and h i s t o r i c a l  
Parsons d a t a .  Vendor p r i c e s  were ob ta ined  
fo r  some spec i a l  p roce s s  equipment where 
in -house  p r i c i n g  da t a  were not  comple t e ly  
a p p l i c a b l e .  

In the  case  o f  d i r e c t  m a t e r i a l s ,  l a b o r ,  
and other costs, estimates for concrete, 
structural steel, piping, instrumentation, and 
electrical totals for various unit areas were 
made by factoring with a multiplier. The 
factoring method relies on previous job expe- 
rience for similar process functions. The 
multiplier is determined by using the ratio 
o f  construction costs to major equipment 
c o s t s .  

Labor c o s t s  i nc luded  r e f l e c t  c u r r e n t  
average hou r ly  r a t e s  f o r  seu thern  I l l i n o i s  
and expected labor prvductivit/ for that area. 

~,e e s t i m a t e  ~s b ~ , : e a  o1~ the  work being 
performed dur ing  a r e g u : a ~  work week d e f i n e d  
as five eight-hour da~, ~Y,d:,/ th rough Fr iday .  

No p r o v i s i o n  fo r  premium c o s t s  f o r  sched- 
uled over t ime  work is  inc luded .  However, an 
a l lowance  fo r  l im i t ed  nonscheduled over t ime  is  
inc luded  in the  e s t i m a t i n g  methods employed. 

E n g i n e e r i n g - c o n s t r u c t i o n  home o f f i c e  c o s t s  
were based on management and a d m i n i s t r a t i o n ,  
p roce s s  and p r o j e c t  e n g i n e e r i n g ,  c o n s t r u c t i o n  
s u p p o r t ,  d e s ign ,  d r a f t i n g ,  a c c o u n t i n g ,  e s t i m a t -  
ing ,  s c h e d u l i n g ,  cos t  e n g i n e e r i n g ,  procurement ,  
e x p e d i t i n g ,  i n s p e c t i o n ,  s t e n o g r a p h i c ,  c l e r i c a l ,  
e n g i n e e r i n g  c o n s t r u c t i o n  fee ,  overhead ,  and 
o u t - o f - p o c k e t  expenses such as p r i n t i n g ,  r ep ro -  
d u c t i o n ,  computer cha rges ,  communications and 
t r a v e l . "  

I l l i n o i s  4 pe rcen t  sa l e s  t ax  and /o r  use 
tax  was inc luded fo r  ma te r i a l  and equipment.  

The e s t ima te  i s  based on t o t a l  p r o j e c t  
d u r a t i o n  o f  48 months with an assumed s t a r t  o f  

. e n g i n e e r i n g  on January  1, 1974 and c o n s t r u c t i o n  
s t a r t  on about Apr i l  I ,  1975. Es t imated  comple- 
t i o n  and p l an t  s t a r t u p  is  l a t e  1977. 

E s c a l a t i o n  has been app l i ed  fo r  the spe- 
c i f i c  d u r a t i o n  o f  the p r o j e c t  to expected  c o s t s  
o f  equipment,  m a t e r i a l s ,  and l abo r .  

No con t ingency  a l lowance has been app l i ed  
to t h i s  -5 to +20% p r e l i m i n a r y  e s t i m a t e .  

PROJECT SCHEDULE 

The p r o j e c t  schedule  shown in Figure  6 
i n d i c a t e s  t ~ a t ,  f o r  a t o t a l  c o n t r a c t  award by 
January  1, 1974, the demons t ra t ion  s c a l e  p l a n t  
can be des igned  and eng ineered ,  equipment p ro -  
cured and i n s t a l l e d ,  and the p l a n t  mechan ica l ly  
complete  by the  end o f  ca l enda r  year  1977. 
P lan t  commissioning and s t a r t u p  would con t inue  
i n t o  1978, with p a r t i a l  p l an t  p r o d u c t i o n  dur -  
ing 1978. 

The schedule assumes that all phases of 
project execution, process design, e n g i n e e r -  
ing ,  p rocurement ,  and c o n s t r u c t i o n  r e s p o n s i -  
b i l i t i e s  a re  r e l e a s e d  to a s i n g l e  major 
c o n t r a c t i n g  firm. 

It is estimated that allocation of the 
project into separate engineering and construc- 
tion responsibilities divided between more than 
one subcontractor would extend the overall 
project completion date to about mid-1978 for 
plant startup. 

FUND EXPENDITURE SCHEDULE 

The es t ima ted  r a t e  o f  p r o j e c t  expend i tu re s  
by semiannual pe r i ods  i s  p r e sen t ed  in Fig~,re 7. 
Cu~n~l~tivc expenditures are shown in Figure 8. 
The fund reql ~r~nent schedule, az show:l, does 
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nclud~ interest charges on the estimated 
capital investment of $270 million. 

The schedule of expenditures reflects the 
rates of spending as the project moves from 
conceptual engineering through detailed mechan- 
ical engineering~ procurement, and construc- 
tion phases based upon the project schedule 
(Figure 6]. 

PEEL t~KNA_RY CONCLUSIONS 

While considerable data are available on 
coal liquefaction, the specific conditions of 
recycle of unfiltered dissolver product to form 
fe=d coal slurry are based upon relatively 
scant data. Therefore, additional work is 
needed to confirm design yields and assure 
process feasibility. The basis used for this 
design is essentially that established by the 
process development contractor. C~itical 
parameters were: 

(i) Recycling of unfiltered liquid 
effluent from the dissolvers. 

(2) Hydrogen consumption for the dis- 
5olving section at 3 weight percent of the 
£oal feed. 

(5) Residence time for liquid in the 
pr~heater and dissolver at one hour. 

(4) Use of syngas (hydrogen plus carbon 
monoxidc) to supply hydrogen requirements o£ 
dissol~ing. 

(5) Conversion, solid to liquid, of 
coal in the dissolver at 91 percent. 

(6) Filtration o£ net dissolver product 
to remeve undissolved solids from the product. 
Filter cak~ to contain equal weights of undis- 
solved solid and liquid product. 

(7) Preheater outlet and dissolver 
temperatures at 900~F and 840°F, respectively. 

(8) Solvent recycle rate at twice coal- 
feed weight. 

Limited laboratory results indicate that 
the use of unfiltered solvent is attractive 
fcr both yield and character of liquid product 
from coal. The demonstration plant is desi=~ned 
on this basis. As a consequence of the recycle 
of undissolved material, the resultant product 
boils at lower temperatures, is liquid at 

temperaZures~ and is lower in sulfur 
than if the recycle solvent were free 

ds. A result of use of this scheme, 
vis-a-vis use of filtered recycle feed to the 

dissolver, is that hydrogen input to the coal 
is higher, which tends to lower the plant's 
thermal efficiency. 

Additional data should be developed to 
define residence time required to achieve coal 
liquefaction. It is logical that residence 
time could be reduced if higher temperatures 
and possibly higher pressures were employed at 
the dissolvers. Sufficient data should be 
obtained to accurately establish the relation- 
ship between temperature and residence time. 

It is most critical that experiments be 
made to achieve equilibrium with regard to 
recycle liquid composition and quantity. Since 
predictions of yields product quality, and ease 
of filtration are dependent upon accurate lab- 
oratory results~ more laboratory or pilot plant 
work is required in tKis area. 

More data are needed in cases where 
equilibrium recycle liquid composition is 
attained with hydrogen gas and then syngas. 
It would be valuable to extend these data to 
include effects of higher temperatures and 
shorter residence times singe liquefaction is 
expensive. Specifically, future laboratory 
experiments should demonstrate effects of pres- 
sure and gas rate on conversion. 

Gasification unit design is principally 
based'upon suspension flow technology modified 
to maximize syngas production. Heat considera- 
tions that are a direct result of the mechan- 
ical design of the gasifier must be resolved. 
Heat loss value used in the design prepared for 
this paper is 270 Btu per pound of coal equiv- 
alent. Reported values from the various source~ 
range from a heat loss of 55 to 1,200 Btu per 
pound of coal. With higher heat loss, ~ore 
oxygen is required and~ consequently~ more car- 
bon dioxide'is produced. This question 
needs to be resolved before finalizing gasifier 
design and that o£ supportin~ facilities. 

The amount of liquid that must be carried 
with the filter cake to make it pumpable and 
injectable into the gasifier should be 
researched. Laboratory experiments should be 
conducted using mixtures of dry filter cake 
and filtrate at near pumping temperatures to 
determine physical properties and flow and 
injection characteristics of the material. 

General conditions for desulfurization 
unit~ were taken from data on COEDoil. The 
severity o£ desulfurization and the feed stock 
are less demanding in this design than would 
be the case for full-tense CO~D oil. The tech- 
nology for this process is generally known= bu~ 
specific conditions for this stock are not 
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p r e c i s e l y  known. To a s su re  r e l i a b i l i t y  and 
performance  o f  such a u n i t ,  a c t u a l  feed s tock  
f o r  the  u n i t  should  be d e r i v e d  from p i l o t  
p l a n t  o p e r a t i o n  and made a v a i l a b l e  f o r  a t  l e a s t  
b e n c h - s c a l e  t e s t s  on the  c a t a l y s t  to  be used.  
S p e c i f i c a l l y ,  l a b o r a t o r y  t e s t i n g  should be 
conducted  to de te rmine  to what ex t en t  o rgano-  
m e t a l l i c  compounds a re  p r e s e n t  in  the  feed,  
and in what b o i l i n g  range o f  the feed these  
m a t e r i a l s  e x i s t .  

No p r o v i s i o n  has been made in t h i s  des ign  
fo r  the p resence  o f  o r g a n o m e t a l l i c  compounds 
and t h e i r  d e t r i m e n t a l  e f f e c t  on c a t a l y s t  pe r -  
formance and l i f e ,  because  the m a t e r i a l  d e s u l -  
f u r i z e d  in  t h i s  de s ign  b o i l s  below the  tem- 
p e r a t u r e  a t  which t h e s e  compounds would be 
expected to appear  in p e t r o l e u m - d e r i v e d  
liquids. 

The d e t a i l e d  des ign  o f  the  proposed 
demons t r a t i on  p l a n t  would be in p r o g r e s s  
while  the  p i l o t  p l a n t  a t  Tacoma is  in 
o p e r a t i o n .  I t  i s  p o s s i b l e  t h a t  many o f  the 
o p e r a t i n g  and q u a l i t y  q u e s t i o n s  can be 
answered and /o r  demons t ra ted  by the  
performance o f  Tacoma. We hope t h a t  the 
schedule  o f  the  Tacoma p i l o t  p l a n t  can 
be a d j u s t e d  to  con~lement the  demon- 
s t r a t i o n  p l a n t  des ign .  

During the course of the design assign- 
ment, analysis showed that it is possible to 
achieve the production of desulfurized liquid 
fuels exclusively when using an alternative 
approach to syngas production. The current 
preliminary design employs gasification of a 
coal residue from the liquefaction plant for 
this purpose. One alternative is to use the 
offgases from the liquefaction plant for syngas 
production rather than for plant fuel. The 
coal residue could then be gasified, possibly 
with air, for production of desulfurized Iow- 
Btu fuel gas for captive use. Heating values 
produced by this scheme can be absorbed in 
the total plant design without introducing 
a fuel imbalance. 

The des ign  c r i t e r i a  did not permit  pur-  
chase  o f  hydrocarbon f e e d s t o c k s  fo r  p l a n t  s t a r t -  
up. Also,  the p lan  is  to  i nc lude  demons t r a t ion  
o f  syngas p r o d u c t i o n  by g a s i f i c a t i o n  o f  coal  or 
a c o a l - s o u r c e d  s o l i d  in the de s ign .  These 
o b j e c t i v e s  could be ach ieved  us ing  the  p l an t  
m o d i f i c a t i o n  f o r  syngas d e s c r i b e d  above. With 
t h i s  m o d i f i c a t i o n ,  the  g a s i f i c a t i o n  o p e r a t i o n  
i s  removed from the main p r o d u c t i o n  l i ne  and 
becomes a s e r v i c e  p l a n t  p roduc ing  fue l  gas a t  
low p r e s s u r e .  Such a s e r v i c e  p l a n t  can be 
des igned with as many p a r a l l e l  t r a i n s  needed to 
suppor t  a d e s i r e d  des ign  s e r v i c e  f a c t o r .  
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TABLE i - DEMONSTILETION PLANT PRODUCTS 

Product 

Liquid  (4 b i l l i o n  B t u / h r ;  
s u l f u r  c o n t e n t ,  0.5% max.) 

Hydrogenated Liquid 
(2 billion Btu/hr; 
sulfur content, 0.2% max.) 

Hydrogenated light oil 

Ash 

Sulfur 

Characteristi c 

Flash point 
Higher heating value 
=API 

Flash point 
Boiling range 
Higher heating range 

Value 

150°F 
16,660 Btu/ib 
-9.7 60/60°F 

I50°F 
400-870°F 
18,330 Btu/Ib 

°API 

Boiling range 
Gravity 
Nitrogen 
Sulfur 

Purity 

13.9 60/60°F 

C4-400°F 
52* AP1 
S ppm 
1 ppm 

99.5% (min.) 

I)\BLE 2 - DENONSTRATION PLANT RAW ~TERIALS 

Illinois No. 6 seam coal with th4 following typical analysis: 

Proximate analysis 

Constituent Amount 

Moisture 
Ash 
Volatile matter 
Fixed carbon 
Heating value 

Element 

2.70 weight percent 
7.13 weight percent 

38.47 weight percent 
51.70 weight percent 
12,821Btu/ib 

Ultimate analysis 

Weight Percent 

Carbon 70.75 
Hydrogen 4.69 
Nitrogen 1.07 
Sulfur 3.38 
Oxygen 10.28 

Oxygen, 99.5%; produced within battery limits 

River water 
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TABLE 3 - EXAMPLE OF EQUIPMENT LIST 
m.a 

O 
PRESS/TENP°F 

ITEM %0. DESCRIPTION SIZE PSIG MATER IAL/RLMARKS 

'" UNIT ii - COAL SLURRYI::G A~iD Pb~PING 
,, , ,, , ,,, 

11-1201 
11-1202 
11-1203 

11-1301 

11-1501 
11-1551 

ll-18Ol 

II-2COl thru 06 

Ii-2~01 
11-2402 

12-1201 
12-12o 7 

12-1208 
12-12C9 
12-1210 

12-1211 

~2-1212 
12-1213 
12-1214 
12-1215 
12-1216 
12-1217 
12-1218 
12-1219 
12-1220 

12-1221 

12-1222 
12-1223 

Slurry Mix Vessel 
Slurry Vapor Condensate Drum 
Slurry Holding Tank 

Slurr%- Vapor Tondensate 

Slurry Recirculation Pump 
Slurry Recirculation Pump Spare 

Slurry Vapor Blower 

Screw Feeders 

Agitator/li-1201 
Agitator/ll-1203 

18'-0" I.D. x 27'-0" 
5'-0" I.D. x 15'-0" 

18'-0" I.D. x 27'-0" 

29.9 ~94BTU/Hr. 

9,000 GPM 
9,000 GPM 

21SCFM 

16" I.D. x i0' 

17/i25 
16/125 
17/h25 

16/446 

35/446 
35/446 

351100 

Link Belt 

SA-285C 
SA-285C 
SA-285C 

C.S Shell & Tube 

20 Chr. Stl. 
20 Chr. Stl. 

C.S. W/C.I. Impeller 

Type C, 5 HP ea. 

Chemlneer, Model 8HTA30, 30 HP ea. 

UNIT 12 - COAL LIOUE~ACTION AND FILTRATION 

17'-0" 1240/8h0 i-I/4 Cr, 1/2 Mo. Stl High Pressure Primary Separator 
High Pressure Intermediate 

Flash Drum 
High Pressure Condensate Flash Drum 
High Pressure Condensate Surge Drum 
Intermediate Pressure Liquid 

Flash Dr~ 
Intermediate Pressure Vapor 

Flash Drum 
Low Pressure Liquid Flash Drum 
Filtrate Flash Drum 
Filtrate Va~or Flash Drum 
Solvent Flash Dr~ 
Solvent Vapor Flash Drum 
Water Surge Drum 
Make Up Gas ist Stage Condensate Drum 
Make Up Gas 2nd Stage Condensate Dz~m 
Solvent Vapor ist Stage Condensate 

Drum 
Solvent Vapor 2nd Stage Condensate 

Dru~_ 
Precoat Slurry Vessel 
Filter Drain Vessel 

8'-6" I.D. x 
° 

12'-0" I.D. x 
13'-C" I.D. x 
9'-0" I.D. x 

ii'-0" I.D. x 

5'-6" I.D. x 
15'-0" I.D. x 
16'-0" I.D. x 
15'-0" I.D. x 
12'-0" I.D. 
5'-0" I.D. 
5'-0" I.D. 

I0'-0" I.D. 
7'-6" I.D. 

3'-0" I.D. 

3'-0" I.D. 
12'-0" I.D. 
5'-0" I.D. 

2b'-0" 
36'-0" 
15 '-0" 

22 ' -0" 

16 ' -0" 
30 ' -0" 
20 ' -0" 
20'-0" 

x 2h'-O" 
x 15 '-0" 

x 12'-0" 

x 12'-0" 
X 12'-0" 

x 8'-0" 

x 8 ' - 0 "  
x 22 '-0" 
x i0'-0" 

1220/370 
1175/125 
i175/125 

500/575 

h95/125 
150/575 
110/575 
105/125 
16/570 
21/125 
350/125 
375/125 
735/125 

27/125 

I16/125 
32/518 

550/300 

SA-515-70, 1/8 C.A. 
SA-515-70, 1/8 C.A. 
SA-515-70, 1/8 C.A. 

SA-515-70, 1/8 C.A. 

SA-515-70, 1/8 C.A. 
SA-515-70, 1/8 C.A. 
SA-515-70, 1/8 C.A. 
SA-515-70, 1/8 C.A. 
SA-385C 
SA-385C 
SA-515-70 
SA-515-70 
SA-515-70 

SA-385C 

SA-385C 
SA-385C 
SA,515-70 



TABLE 4 - EXAMPLE IT COST TABULATION 

~-& 

J~ 

Account 
Code 

1100 

1200 

1300 

1400 

1500 

1600 

t700 

1800 

1900 

2000 

2200 

2300 

2400 

2500 

2800 

Description 

Column~ 

Vessels 

Heat Exchangers 
and Condensers 

Furnaces,  Hea te rs  

Pumps and Drivers 

Boilers 

Cooling Towers 

Compressors and 
Blowers 

Storage Tanks 

Materials Han- 
dling Equipment 

Separation 
Equipment 

Package Plants 

Agitators, Mixers 
and Blenders 

Reactors 
(All Types) 

Other Major 
Equipment 

Total Major 
Equipment Cost 

Coal 
Preparation 

Unit i0 

Haterials 
and 

Expense 

3,100,000 

Coal 
~lurrying 

and 
Pumping 

Unit 11 

Mater ia l s  
and 

Expense 

126,000 

22,000 

41,000 

1,000 

Coal 
Liquefaction 

and 
F i l t r a t i o n  

Unit 12 

Mate r ia l s  
and 

Expense 

3,290,000 

2,995,000 

4,900;000 

2,008,000 

Dissolver 
Acid Gas 

Removal 
Unit 13 

~laterials 
and 

Expense 

2,550,000 

192,000 

I.,284,000 

603,000 

Coal 
Liquefaction 
nnd Product 
Distillation 

Unit 14 

Materials 
and 

Expense 

159,000 

18,000 

142,000 

Fuel Oil 
IIydro- 

genation 
Unit 15 

29,000 

2,312,000 

P, I05,000 

182,000 

197,000 

10,000 

4,740,000 

3,100,000 209,000 

1,200,000 

21,678r000 

117,000 

4,948,000 587,000 5,095,000 

1,270,000 

45,000 

4,000 

Naphtha Fuel Gas 
Hydro- Sulfur 
~enation Removal 

Unit 16 Unit 17 
• 1, r -- 

Materials Materials 
and and 

Expense Expense 
m 

22,000 126,000 

116,000 16,000 

165,000 184,000 

71,000 

39,000 94,000 

95,000 

I0,000 

45,000 

508,000 488,000 

9,000 

2,435,000 

62,000 

44,000 

157,000 

226,000 

42,000 

~faterials 
and 

Expense 



TABLE S - PRELIMINARY, FIXED CAPITAL INVESTMENT SUMMARY 

Unit 

I0 
ii 
12 
13 
14 
15 
16 
17 
18 
19 
2O 
21 
22 
23 
24 
3O 
31 
32 
33 
35 
36 
37 
4O 

apackage Plants 

Description 

Coal Preparation 
Coal Slurrying and Pumping 
Coal Liquefaction and Filtration 
Dissolver Acid Gas Removal 
Coal Liquefaction Product Distillation 
Fuel Oil Hydrogenation 
Naphtha Hydrogenation 
Fuel Gas Sulfur Removal 
Gasification 
Acid Gas Removal 
Shift Conversion 
CO 2 Removal 
Methanation 
Sulfur Plant 
Oxygen Plant 
Instrument and Plant Air 
Raw Water Treatment 
Process Waste Water Treatment 
Power Generation 
Product Storage 
Slag Removal System 
Steam Generation 
General Facilities 

Total 

T o t a l  Construction Cost 

Home Office Engineering 

Escalation 

Sales Tax 

Fixed Capital Investment 

Maj 0 r 
Equipment 
C o s t s  ($) 

3,100,000 a 
209,000 

21,678,000 
4,948,000 

587,000 
5,095,000 

508,000 
488,000 

4,188,000 
1,416,000 
1,337,000 

615,000 
102,000 

1,941,000 
12,400,000 a 

172,000 
2,481,000 

380,O0O 
I0,430,000 

2 , 2 3 1 , 0 0 0  

30,000 
1,512,000 

9S0,000 

76,798,000 

194,700,000 

27,600,000 

43,700,000 

4,000,000 

270,000,000 

(including foundations, piping, etc.) 
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]'ABLE 6 " ADDITIONAL CAPITAL COST INVESTMENT ITEMS 

Value (million $) Item 
,, ,,, 

Initial Rm~ Materials, Catalysts, I 
and Chemicals 

5tartup Costs 16 

Initial Working Capital 22 

Land Acquisition, Rights-of-Way, 
Mineral and Water Rights 1 

Total 40 

TABLE 7 - DEMONSTRATION PLANT UNIT AREA DESIGNATIONS 

Unit Area 

i0 
ii 
12 
15 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
50 
51 

32 
33 
35 
36 
37 
40 

Facility 

Coal'Preparation (stookpiling, drying, grinding) 
Coal Slurrying and Pumping 
Coal Liquefaction and Filtration 
Dissolver Acid Gas Removal 
Coal Liquefaction Product Distillation 
Fuel Oil Hydrogenation 
Naphtha Hydrogenation 
Fuel Gas Sulfur Removal 
Gasification (gasifier and associated equipment) 
Acid Gas Removal 
Shift Conversion 
CO 2 Removal 
Methanation 
Sulfur Plant 
Oxygen Plant 
Instrument and Plant Air 
Raw Water Treatment (including cooling tower and 
boiler feedwater facilities) 
Process Waste Water Treatment 
Power Generation 
Product Storage 
Slag Removal System 
Steam Generation 
General Facilities - 0n-site 
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,..-, ARTIST'S CONCEPT - DEMONS'IliATION PLANT 
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Figure 1 Artist's Concept o f  Demonstration Plant 
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BLOCK FLOW DIAGRAM 
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F i g u r e  2 - Block  Flow Diagram 



DEMONSTRATION PLANT 
OVERALL MATERIAL BALANCE 

WASTE GAS 
19,430 TONS/DAY 

PRIMARY PRODUCTS 

COAL 
10,000 TONS/DAY 

OXYGEN (FROM AIR) 
111110 TONS/DAY 

WATER 
21,760 TONS/DAY 

a ~  

p r  

ab~ 

I v  

CLEAN 
BOILER 
FUELS 
FROM 
COAL 

DEMONSTRATION 
PLANT 

II 
L~ 

SLAG 710 
TONS/DAY 

LIOUID BOILER FUEL (0.2% S) 
1440 TONS/DAY 

HEAVY LIQUID BOILER FUEL (0.5% S) 
2920 TONS/DAY 

PLANT FUEL 
2260 TONS/DAY 

~____ NAPHTHA (1 PPM S) 
Dp ~ 

270 TONS/DAY 

L SULFUR 
pv 320 TONS/DAY 

• ,~ WASTE WATER 
up"  

6390 TONS/DAY 

F i g u r e  3 - O v e r a l l  H a t e r i a l  B a l a n c e  
146 



ACII1 GAG ~" 
127.2 I 

II 
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COAL • 
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' ~ ~  ,9.2% 

ii I 'm REDUCING 
FILTER i GAS 
CAKE 2314.0 
30811.11 

UTIL ( 98.7% 
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(EXCESS) 

ACID 
GAS 
69.2 

FILTRATE 
111152.0 

REDUCING 
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300.5 

NOTE - LINE FIGURES ARE MM 6TU/HO (GROSS) 
- FIGURES IN CIRCLES ARE TIIERMAL 

EFFICIENCIE8 OF UNITS 

UTIL 
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UTIL 
2311.3 

IITIL , , , . . . _  
2fl.3 ~ SIILFUR 

lf15.2 105.2 
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GAS 1.2 FUEL '~22.6~J....,~ 
110.7 ~ GAS IY'__.__.. " ~  NAPHTHA 

423.4 U 221.11 

UTIL I NAP ~ 03.4% 
%,211.1 IJ ,3n., ¢ / ~  

~ FUELRIL / v i FUELOIL 
R~ST~ ELATION 21 ~,2 FDEL OIL 21~So4 ~ ,--- . vonoGENAT'IO"~- - -~  

oT.ns , ~, o11.11s 1 I 

HYRDROGEN 
301.11 

PLANT 
01.0% 

~ *  47.0 

HYDROGEN 
334.0 

2110,0 
PLANT FUEL 

HEAVY LIQUID 
3019.9 

, , , , h  I 
OVERALL EFFICIENCV = 

105.2 + 460.3 + 2150.4 + 3910.9 

lO,44o.2 03.5% 

o~ 

~1 F i g u r e  4 - D e t a i l e d  E n e r g y  B a l a n c e  



COAL 
10,450 MM BTU/HR nil 

Y 

CLEAN 

BOILER 

FUELS 

FROM 

COAL 

DEMONSTRATION 

PLANT 

664O 
EFFICIENCY - 
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x 100 = 03.5% 

LIGHT LIQUID BOILER FUEL (0.2% S) 
2160 MM BTU/HR 

IT  

RESIDUAL BOILER FUEL (0.5% S) 
3920 MM BTU/HR 

k~ 
i v  

r-APP, THA 
450 MM BTU/HR 

p~ 

SULFUR 

110 MM BTU/HR 

By 

F i g u r e  S -  O v e r a l l  Ene rgy  B a l a n c e  
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a complst~ data]lad preliminary design for  a demonstrat ion plant to  ,produc~ low-sulfur liquid 
fu~Is from 10,000 tons F.~r day of coal. 

J.B. O'Hara, N.E. Jentz, S.N. Ripl:ee, and E.A. Mills 
The Ralph M. Parsons Co., Los Angeles, Calif. 

A study summarizing the preliminary design and esti- 
r~ated capita] investment for a demonstration-scale plant 
to produce clean boiler fuels from coal, has been com- 
pleted by the Ralph M. Parsons Co. at the request of the 
Office of Coal Research (OCR). 

Objectives of the preliminary design work were: 
1. To estabIi~ a demonstration plant design to effec- 

tively produce clean boiler fuels from coal. 
2. To estimate the fixed capital investment required 

for design, engineering, procurement, an~ construction of 
the coal cenvers~on complex. 

3. To estimate the earliest date when the coal conver- 
sion plant could be mechanically complete and ready to 
begin production. 

4.1.'o estimate the budgeting of funds to be expended 
during each ser~.annual period overt_he life of the pro- 
ject. 

design bases and yields for this plant were 
7R process development contractors, ba~d 
:oces-3 design concept adjudged to have the 

greatest potential for converting a typical coal entirely 
into desulfurized liquid fuels. 

On the basis of information pro~Sded by other OCR 
contractors, a preliminary design was developed as the 
first step in a development pro~am to bring coal conver- 
sion processes to commercial reality. The design repre- 
sents substantial engineering research, both for selection of 
equipment required and for processing techniques to 
achieve project objectives. This approach is consistent 
with OCR's philosophy of accepting potential risks in 
plant performance and cost uncertainty in order to speed 
the development of viable commercial designs. It should 
be recognized that this preliminary design is based on 
isra~ature technology and precedes the availability of ex- 
perimental results from pilot-plant operations for the two 
pr~ary coal conversion steps of liquefaction and produc- 
tion of synthesis gas (syngas) by the proposed mode of 
g~fication. 

l~monrtra~ion # a n t  ob~c~i,~s 
Objectives of the demonstration plant facility were 

conceived to be: 
1. To speed commercialization of coal conversion pro- 

ce~ees for production of "dean" fuels from indigenous 
h~2_h sulfur coals. 

2. To leapfrog the pilot-plant program to gain time in 
devdopmem of commercially viable coal conversion 

proce~es. 
3. To provide adequate liquid fuels for prolonged test- 

m~ in corramerc~fl power plant operations. 

4. To de£me performance requirements and financial 
incentive for prompt development of hardware required 
for large-scale coal conversion plants for testing in demon- 
stration plant facilities. 

5. To demonstrate the operability of commercial scale 
coal conversion equipment. 

6. To provide a basis for accurately predicting the eco- 
nomics of commercial scale coal conversion plants. 

7. Following demonstration plant operation, to permit 
simultaneous design of multiple commercial coal conver- 
don plants. 

The desi~o~ basis for the clean borer fuel manufac- 
turing facility to process 10,0(30 ton/day of coal is a grass- 
roots complex in southern Illinois with all coal handling 
facilities, process units, and necessary supporting facilities 
to serve the needs of administrative, operating, mainte- 
nance, development, and service personnel. An artist's 
concept of the facility is shown in Figure 1. Products and 
raw materials are given in Table 1. 

The plant will contain two primary process units: a 
modified Solvent Ref'med Coal (SRC) unit, and a gasifier 
to produce syngas. The latter is being modified from a 
process under development. It has the following two char- 
acteristics: a) capacity adequate to supply reducing gases 
for the SRC dissolver, SRC liquefied coal hydrogenation, 
and light oil hydrogenation; and b) feed to the gasifier 
unit, consisting of equal weights of dry f'flter cake from 
the SRC unit and f'fltrate. 

Phenolics/cresylics witl be recycled to extinction by 
returning that stream to the light oit hydrogenator. A 
fixed-bed hydrogenator wilt be used on the SRC distillate. 

effluent streams will be treated to meet applicable 
environmental standards. Solid disposal wilt be integrated 
with coal delivery to provide haul-away and proper dis- 
posal. Equipment will be designed to meet OSHA noise 
level requirements. 

Inventories will be maintained as follows: coal, 3 days; 
and products, 30 days. 

T h r ~  majD~- r ~ t ~ n ~  in th~ complex 
The process configuration is depicted in the block pro- 

cess flow diagram, seen in Figure 2. The complex is de- 
scribed under three major headings: coal preparation, a 
coal liquefaction section, and a gasification section. 

The complex is designed to charge 10,CO0 ton/day of 
coal and to produce two low-sulfur liquid fuel streams as 
its major products. The two forms of  fuel wfl] consist of a 
liquid product conIaining approximately 0.5 wt.-% sulfur, 
sufficient to fuel a 400-row power plant-and a desulfur- 
ized distillate fuel oil product containing 0.2 wt.-% sulfur, 
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Ar t i s t ' s  concept ion o f  demons t ra t ion  p lant .  

Table 1. Demons t ra t ion  p lan t  
raw mater ia ls and products  

Raw mater ia ls  

1. Illinois No. 6 seam coal (typical analysis): 

Proximate analysis: 
Moisture, wt.-% . . . . . . . . . . . . . . . . . . . . . . . . . .  2.70 
Ash, wt.-% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.13 
Volatile matter, wt.-% . . . . . . . . . . . . . . . . . . .  38.47 
Fixed carbon, wt.-% . . . . . . . . . . . . . . . . . . . . . .  51.70 
Heating value, Btu./Ib . . . . . . . . . . . . . . . . . . .  12,821 

Ultimate analysis (wt.-%): 
Carbon ............................... 70.75 
Hydrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.69 
Nitrogen ............................... 1.07 
Sulfur ................................. 3.38 
Oxygen ............................... 10.28 

2. Oxygen (99.5%), produced within the battery limits 

3. River water 
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Products 

1. Two primary boiler fuels: 

a. 4,000 million Btu./hr. (minimum) liquid, with a 
maximum 0.5% sulfur, and 

Flash point, °F . . . . . . . . . . . . . . . . . . . . . . . . . .  150 
Higher heating valu~e, BtuJIb . . . . . . . . . . . . .  16,660 
Specific gravity, °API, 50/60 °F . . . . . . . . . . .  -9 .7 

b. 2,000 million Btu./hr. (minimum) of hydrogenated 
liquid, with a maximum 0.2% sulfur, and 

Flash point, °F . . . . . . . . . . . . . . . . . . . . . . . . . .  150 
Boiling range, °F . . . . . . . . . . . . . . . . . .  400 to 870 
Higher heating value, Btu./Ib . . . . . . . . . . . .  18,3,30 
Specific gravity, °API, 60/60 °F . . . . . . . . . . .  13.9 

2. Hydrogenated light oils, with the following 
approximate characteristics: 

Boiling range . . . . . . . . . . . . . . . . . . . .  C4 - 400°F. 
Specific gravity, °API . . . . . . . . . . . . . . . . . . . . . .  52 
Nitrogen, ppm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Sulfur, ppm ............................... 1 

3. Ash: 

4. Sulfur of 99.5% minimum purity. 
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su~cient to fuel a 2C0-mw power plant. By-products are 
hydrotreated naphtha and sutfur recovered from the vari- 
e,,~ de~ulfufizhag precedes. The light hydrocarbons pro- 
duced • ~r~ burned for plant fuel. 

In the case of an alternate product objective, the plant 
c~uld c~nvert the gas streams to produce approximately 
67 rr~ion cu.ft./day of syn±etic natural gas (SNG). In 
t .~  case, a portion of the liquid fuels produced would be 
c~nsu~ed for m-pl~ut energy needs. 

Th~ SRC process is being developed to produce low- 
sulfur, de-ashed fuels from coak Data and experience 
from this wor!~ have been used as background for tiffs 
desi~. The "Bi43as" gamqcation process also is being de- 

ed under contract to the Office of Coal Research. 
from this work and other sources have been u~d  in 
!erd~m. The gagficafion process will convert wet f'flter 

cake from the liquefaction section to reducing gas re- 
quk, xd for operation of  the liquefaction process. 

Run-of-mLue coal will be purchased and received at a 
ra~e of 12£C0 ton/day. The complex will store and pre- 
pare it for feed to the process units in the following way. 
A r ~  car dtumyer empties each car into a hopper bet~w 
ra~ level. Tiffs hopper can also receive coal from mine 
trucks. A vibrating feeder moves the coal onto a belt con- 
veyor that transfers it to a r~-mounted slewing stacker, 
w~ch places it Lu storage. The stockpile wilt hold 37,500 
tens of coN, a 3-day inventory. Compactors have b ~ n  
l~ro,~ded for the stockpile. 

ReclzS_rning is by a bucket-wheel, mounted on tires, 
f~dNg a trans~'e=e com'eyor to one of the two reclaim 
belt ccn'~eyers. A trans~erse conveyor takes the coal from 
e~.*r ef  the r e c l ~  conv~yors and delivers it to the coal 
preparation ~ant  for wa~_Lug. The stockpiling system will 
i~-~d~e 9~0 ton/hr, of co~, and the reclaim system 800 
tcnhaz. 

Cca~ l ~ r ~ r ~ n ,  drfir~, ar, d ~rindin~ 
Coal of abou~ 10% mo~smre is conveyed from the 

stoc1~e to a 3CO-ton bin. A 6O-in. reciprocating plate 
f~der remove~ coal from the b ~  and places it on a 48-in. 
bdt  conveyor fitted w i~  a tramp iron magnet, wNeh 

8 by 20 ft. sca~ping screen. The 3-in.-plus coal is 
a rotary coal breaker. Overdo refuse from the 
is returned to the mLue for bur~d. The broken 

ecal (3.ha.-~hau~) is phced on a 48-Lu. belt conveyor 
where it is combg'aed wiIh the under,re coal from the 
screen a~d d ~ F e d  into an 8,0C0-ton storage pile. 

Coal from the storage pile is conveyed to the washifig 
plant where a series of  jigs, screens, centrifuges, cyclones, 
and a roll crusher clean and reduce it to minus 1¼-in. 
Refuse from this operation is also returned to the mine 
area for disposal. Wet fine refuse is pumped to settling 
ponds. 

The clean, l~-in.-minus Coa~ is then dried in a flow 
dryer and reduced to l/8-in.-minus in two pulverizers for 
dissolver feed. To prepare the feed to the SRC unit, the 
dried, ground co~l is transferred by conveyor-to the coal 
solvent slurry tank; 10,000 tons of-coal and 20,000 tons 
of recycl~ solvent per day are metered into this tank. The 
slurry of 1/8-in.-minus coal in SRC solvent is pumped 
through a low-pressure loop which feeds high-pressure 
pumps; these pumps transfer the slurry to the dissolvers at 
pressures up to 1..000 lb./sq.in. Excess slurry in the loop is 
returned to the slurry tank. 

The feed, containing 10,000 ton/day of 1/8-in.-minus 
coal as a 50-wt.-% slurry in a recycle solvent,is cha~ed to 
a reactor where it is contacted with a reducing gas at 
about 185°F and 1,000 lb./sq.in.gauge. The mixture from 
this system consists of a liquid phase, a solid phase of ash 
plus undissolved coat, and a gas phase. The gas phase is 
separated and largely recycled after controlling the level 
of impurities. The solid phase is separated from a portion 
of the liquid phase by means of f'titration and then trans- 
ferred to the gasification plant where the residual car- 
bonaceous material is gasified to produce syngas. The 
remainder of  the unf'fltered dissolver liquid product con- 
taining undissolved coal particles is used for recycle to 
~urry the feed coal. 

Liquid phase filtrate is fractionated to a naphtha 
stream, a distillate which will be desulfurized to become 
light boiler fuel, and theresidual fuel oil. The residual fuel 
oil will have a sulfur content Of about 0.5 wt.-%. Eno ~u~ 
r~sidual will be produced to fuel a 400-row power plant. 

The distillate fraction of the coal liquefaction product 
is catalytically hydrogenated to produce a light fuel oil 
containing a maximum of 0.2% sulfur adequate to supply 
tirol for a 200-row power plant. 

Light liquid produced in the coal liquefaction process, 
plus naphtha formed during the SRC distillate hydroge; 
nation step, are combined and hydrotreated to remove 
additional sulfur and nitrogen. The levels of nitrogen and 
sulfur in the product naphtha wiil be reduced to approxi- 
mately 5 ppm. and 1 ppm. respectively. The composition 
and purity of this high-quality naphtha make it suitable 
for sate. 

Sulfur is r e ~ e r ~  from hydro~sn sulf~e 
Gases produced m the various ~ t s  are combined and 

fed to the acid gas removal plant where the carbon 
dioxide and hydrogen sulfide are removed. The hydrogen 
sulfide is converted to sulfur in the sulfur recovery unit, 
while the carbon dioxide is vented to the atmosphere. The 
sulfur plant includes a tail gas purification unit and pro- 
duces effluent meeting all existing environmental restric- 
tions. The " s w a t "  gases, following removal of carbon 
dioxide and hydrogen sulfide, are used as fuel within the 
plant. 

Wet filter cake from the liquefaction process is fed to 
a stao~g~ng, suspension-type gaslfier unit, where it meets 
steam and oxygen at 3,000°F and 200 Ib./~.in.~uge. 
The carbonaceous material is gasified and produces pfi- 
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marily synthesis gas (carbon monoxide and hydrogen). 
Oxygen required for operation of this unit is produced in 
the plant. 

Synthesis gas product from the gasifier is passed 
through heat recovery boilers, course char cyclones, and a 
venturi scrubbing system. Solids containing carbon are 
reclaimed and recycled to the slagging section of the gasi- 
tier unit. The cooled syngas is then treated for carbon 
dioxide and hydrogen sulfide removal by adsorption in 
the acid gas removal system. The off-gas (H2 S) stream is 
sent to the sulfur plant for treatment and recovery of 
sulfur values. 

Most of the purified gas effluent from the acid gas 
removal system is used directly a s reducing gas in the coal 
liquefaction plant. Gas not sent directly to the liquefac- 
tion section is subjected to shift conversion, whereby 
carbon monoxide reacts with steam to produce hydrogen 
and carbon dioxide. 

Gas from shift conversion is sent to a carbon dioxide 
removal step and a final methanation unit where residual 
carbon dioxide and carbon monoxide are converted to 
methane. The resulting hydrogen stream is then fed to the 
product distillate and naphtha hydrogenation unit. Slag. 
produced in the gasification unit, is solidifed and trans- 
ported to a storage pile near the feed coal storage pile. 
Slag will be removed from the site as a back-haul item for 
the coal supply trains. The overall material balance is 
shown in Figure 3. 

WASTE GAS 
1§4)0 TOR$/0AY 

! 
PRIMARY PROOUCTS 

GOAL 
1B.IWOTONS/OAY 

0](YGEU IFROM AIRI 
l U l  TOIfSfOAY 

WA~|R 
| I . ~ T O I ~ O A Y  

158 

IP 

CLEAB 
lOlLER 
FUELS 
FROM 
COAL 

rtEMOUSTRATIOU 
PLANT 

l 
SLAG T l l  
TOllS/gAY 

l i •  LIQUI0 lOlLER FUEL (t ?% $t 
t440 TONS/OAT 

l i •  HEAVY LIOUID BOILER FUEL t0 §% 31 
ZB2| TONS/DAY 

PLANT FUEL 
21M FO=IStOAY 

=mmimmlk= NAPHTHA (1 PI~ S) 
270 TOI~OAY 

mmmnnmm~ SULFUR 
]Zll TOIIS/0A Y 

WASTI[ WATER 
I~lN ¥01r~OAY 

Figure 3. Overall material balance. 
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Overall thermal efficiency is good 
Detailed analysis of the energy balances around the 

separate process units, and an overall energy balance are 
shown in Figures 4 and 5. Thermal efficiency of the 
demonstration plant is defined as gross heating value of all 
products, less utility duties, divided by the gross heating 
value of the feed coal. Figure 4 shows that unit 
efficiencies are generally high, except for the dissolver at 
89.2% and the hydrogen purification units at 61.0%. 
Despite these high individual unit efficiencies, estimated 
overall thermal efficiency for this plant is 63.5%. 

Stream calculations used in the design of the demon- 
stration plant are based upon product yields and composi- 
tions supplied by OCR development contractors. Al- 
though most of the streams do balance, there is an incon- 
sistency in elemental balances. To arrive at a thermal 
efficiency figure it was necessary to restate the overall 
material balance so that an elemental balance is obtained 
for each element in the feed (carbon, hydrogen, nitrogen, 
sulfur, and oxygen). As a result, the stream flow rate for 
thermal balance will be slightly different from those used 
for equipment design. 

The major equipment items associated with each unit 
process area shown on the process block flow diagram 
were the basis for the capital investment estimate. An 
example is shown in Figure 6. Oxygen plant and coal 
preparation areas are excluded, as are the CO2 removal 
area, Unit 21, and the sulfur plant, Unit Area 23. The 
last two are both considered proprietary processes. Unit 
area equipment sizes and descriptions are shown in Figure 
6 by equipment item number designation. 

A preliminary fixed capital investment was developed 
for a grass-roots clean boiler-fuels complex with the prin- 
cipal process units previously described. Necessary ancil- 
lary facilities are administration, warehouse, laboratory, 
change house, cafeteria, and related buildings and equip- 
ment; computer capability and communications system; 
rolling stock (including trucks and automobiles for trans- 
port within the confines of the complex); road paving; 
utilities distribution; and other items required for effi- 
cient operation of an industrial complex of this magni- 
tude. 

The total major equipment and total constructed costs 
were developed for each process area; an example is 
shown in Figure 7. To these were added Home Office 
engineering, escalation, and sales tax costs, resulting in the 
total project fixed capital investment cost shown in Table 
2. It tabulates major equipment costs and estimated con- 
structed costs for each of the unit areas. Total major 
equipment cost for all unit areas is $76.8 million and the 
factored total construction cost is approximately $195 
million. 

Estimated $310 million for total investment 
The estimated total fixed capital investment is $270 

million, including total construction costs, home office 
engineering, escalation, and sales taxes. In addition, other 
costs will require the use of funds necessary for land 
acquisition, rights-of-way, water and mineral rights, and 
the startup phase. These items are estimated to total 
approximately $40 million, as shown on Table 3. The 
estimated grand total capital requirement for the project 
is therefore about $310 million. This is exclusive of inter- 
est burden during construction, which depends on the 
financing method selected. 
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The demonstration plant fixed capital investment is a 
pre1~..i~ary cost estimate for the engineering, design, pro- 
cur:rnent, and construction of  facilities to process 10,000 
ton/dzy of  ~inois No. 6 seam coal to produce low-sulfur 
i:ei]er fuels. The estimate is considered within --5 to 
42G% accuracy range. It includes the costs of  process 
equ~prner~t, construction materials, field labor, field indi- 
rect costs, en~aeerin~, desitn and drafting, project man- 
~e~en t ,  prceurernent, ~pporting ~rviees, and escala- 
tion. A/~owz_ncez for instrument checkout and mechanical 
ru--kn are ~so hacluded. 

q'n~ project is divided into the faci~ties designated as 
ttrJt arezs, as she~ma ha Table 4. Major process equipment 
costs were based on preliminary vendor pricing and his- 

Pamons data. Vendor prices were obtained for 
~ecSal prcce~_s equipment where in-house pricing 
~er~ not completely apphcable. In the ca~ of direct 

~_~tef,2/sl, labor, and other costs, estimates for concrete, 
sLructur/ steel, piping, instrumentation, and electrical in 
toLT/for v~'-ious unit areas were made by factoring with a 
m~fiFEer. The factorin~ method relies on previous job 
e:¢c~fience for ~-n~/zr process functions, and the multi- 
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plier is determined by using the ratio of  construction 
costs to major equipment costs. 

The included labor costs reflect current average hourly 
rates for southern lUinois and expected labor productivity 
for that area. The estimate is based on a regular work 
week of five 8-hr days, Monday through Friday. No pro- 
vision f.or premium costs for scheduled overtime work is 
included. However, an allowance for limited nonsched- 
uled overtime is included in the estimating methods em- 
ployed. 

Engineering-construction home office costs were based 
on management and administration, process and project 
engnwel ing ,  constru,:~ion support, desSgn, drafting, 
accounting, estimating, scheduling, cost engineering, pro- 
curement, expediting, inspection, stenographic, clerical, 
engineering construction fee, overhead, and out-of-pocket 
expenses, such as printing, reproduction, computer 
charges, communications, and travel. Illinois 4% sales tax 
and/or use tax was included for material and equipment. 

The estimate is based on a total project duration o f  48 
months with an assumed start of  en~neering January 1, 
1974, and construction start about April I, 1975, with 
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Tab le  2.  P re l im ina r y  f i x e d  cap i ta l  
i n ves tmen t  s u m m a r y  

Unit Description 

Major 
Equipment 
Costs ($) 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18, 
19. 
20, 
21.  
22. 
23.  
24.  
30,  
31.  
32 
33 
35 
36 
37 
40 

Coal preparation . . . . . . . . . . . . .  3,100,000" 
Coal slurrying and pumping . . . . .  209,000 
Coal liquefaction and f i l t rat ion . .  21.678,000 
Dissolver acid gas removal . . . . . .  4.948,000 
Coal liquefaction product disti l lation 587,000 
Fuel oi l  hydrogenation . . . . . . . .  5,095,000 
Naphtha hydrogenation . . . . . . . .  508,000 
Fuel gas sulfur removal . . . . . . . .  488,000 
Gasification . . . . . . . . . . . . . . . .  4,188.000 
Acid gas removal . . . . . . . . . . . .  1,416,000 
Shift  conversion . . . . . . . . . . . . .  1,337,000 
CO2 removal . . . . . . . . . . . . . . .  615,000 
Methanation . . . . . . . . . . . . . . .  102,000 
Sulfur plant . . . . . . . . . . . . . . . .  1.941,000 
Oxygen plant . . . . . . . . . . . . . .  12,400,000" 
Instrument and plant air . . . . . . .  172,000 
Raw water treatment . . . . . . . . . .  2,481,000 

• Process waste water treatment . . . .  380,000 
• Power generation . . . . . . . . . . . .  10,430,000 
• Product storage . . . . . . . . . . . . .  2,231,000 
• Slag removal system . . . . . . . . . .  30,000 
• Steam generation . . . . . . . . . . . .  1,512,000 
• General facilities . . . . . . . . . . . .  950,000 

Total . . . . . . . . . . . . . . . . . . . .  76,798,000 
Total construction cost . . . . . . .  194,700,000 
Home office engineering . . . . . . .  27,600,000 
Escalation . . . . . . . . . . . . . . . . .  43,700,000 
Sales tax . . . . . . . . . . . . . . . . . .  4 , 0 0 0 , 0 0 0  

Fixed capital investment . . . . . .  270,000,000 

~=lckage plants (including foundations, piping, etc.) 
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Table 3. Additional capital investment items 

Value 
Item $ mil lkxt 

Initial raw materials, catalysts, and chemicals . • 1 
Startup costs . . . . . . . . . . . . . . . . . . . . . . .  16 
Initial working capital . . . . . . . . . . . . . . . . .  22 
Land acquisition, rights-of-way, mineral 

and water rights . . . . . . . . . . . . . . . . . . . .  1 

Total . . . . . . . . . . . . . . . . .  40 

Tab le  4. D e m o n s t r a t i o n  p l a n t  unit a m  
des ignat ions 

Unit area Facility 

1 0  . . . .  

11 . . . .  
12 . . . .  
13 . . . .  
14 . . . .  
15 . . . .  
16 . . . .  
17 . . . .  
18 . . . .  
19 . . . .  

0 . . . .  

21 . . . .  
22 . . . .  
23 . . . .  
24 . . . .  

0 . . . .  

31 . . . .  

2 . . . .  

3 . . . .  

35 . . . .  
36 . . . .  
37 . . . .  

0 . . . .  

Coal preparation (stockpiling, drying, ~;nding) 
Coal slurrying and pumping 
Coal liquefaction and f i l t rat ion 
Dissolver acid gas removal 
Coal liquefaction product disti l lation 
Fuel oi l  hydrogenation 
Naphtha hydrogenation 
Fuel gas sulfur removal 
Gasification (gasifier and associated equipment) 
Acid gas removal 
Shift  conversion 
CO 2 removal 
Methanation 
Sulfur plant 
Oxygen plant 
Instrument and plant air 
Raw water treatment (including cooling tower 
and boiler feedwater facilities) 
Process waste water treatment 
Power generation 
Product storage 
Slag removal system 
Steam generation 
General facilities, on-site 

estimated completion and plant startup in late 1977. 
Escalation has been applied for the specific duration of 
the project to costs to be incurred for equipment, mate- 
rials, and labor• No contingency allowance has been 
applied to this - 5  to +20% preliminary estimate. 

Sta r tup  target  date a b o u t  m i d - 1 9 7 8  

The project schedule shown in Figure 8 indicates that, 
for a total contract award by January 1, 1974, the dem- 
onstration scale plant can be designed and engineered, the 
equipment procured and installed, and the plant mechan- 
ically complete by the end of calendar year 1977. Plant 
commissioning and startup would continue into 1978, 
with partial plant production occurring during the 1978 
period. The schedule assumes that all phases of project 
execution, process design, engineering, procurement, and 
construction responsibilities are released to a tingle major 
contracting firm. It is estimated that allocation of the 
project into separate engineering and construction retpcm- 
sibflities to more than one subcontractor would extend 
the overall project completion date to about mid-1978 for 
plant startup. 



U~IT ii - COAL SL[~R~YII~, AND PI~PIMG 

ZTE4 RO. 

11-1201 
11-1202 
11-1203 

11-1301 

11-1501 
11-15~1 

11-1801 

11-2001 t h ~  06 

11-2hOl 
11-2ho2 

D~CBIPTION 

Slurry Mix Vessel 
Slurry Vapor Condensate Dmm 
Slurry HoI~InE Tank 

Slurry Vapor Condensate 

Slurry Reclreulatlon ~mp 
Slurry Reoireulntion Pump Spare 

Slurry Vapor Blower 

Screw Feeders 

~si ta tor / l l -1201 
A~itator/ll-1203 

SI2R 

18'-0" I.D. X ~7'-O" 
5'-0" I.D. X 15'-0" 

18'-0" I.D. x 27'-0" 

29.9 l ~ T U / . r .  

9,000 GPM 
9,000 GPM 

21 5CFM 

16" I.D. x .i0' 

1711,25 SA-~flSC 
16/125 SA-~85C 
17/~25 S^-285C 

16/hh6 C.S Shell & Tu~e 

3514h6 ~0 Chr. Stl. 
35/M~6 ~0 Chr. StX. 

35/100 C.S. W/C.I. Impeller 

Link Belt Type C, 5 I~ ca. 

Chemineer, Model 8HTA30, 30 HP ca. 

12-1201 
12-1207 

12-1208 
12-1209 
~-i~i0 

12-1211 

12-121R 
12-1213 

12-1216 
12-1217 
12-1218 
12-1219 
12-1220 

12-1221 

12-1222 
!2-1223 

UNIT 12 - COAL LIqUE?A6~I~ION A~D FILTP~TION 

High Pressure Prlm-~ry Separator 8'-6" I.D. x !7~-O '' 
High Pressure Intermedlmte 

Flash D~.ml 12'-0" I.D. x 24'-0" 
High Pressure Condensate Flssh Drt~ 13'-0" I.D. x 36'-0" 
High Pressure Condensate Surge Drum 9'-0" I.D. x 15'-0" 
Intermediate Pressure Liquid 

Flash Drum ll'-O" I.D. x 29'_ -0" 
Intermediate Pressure Vapor 

Flash Drum 5'-6" I.D. x 16'-0" 
Low Pressure Liquid Flash Drum 15'-O" I.D. x 30'-0" 
Filtrate Flash Drum 16'-0" I.D. x 20'-0" 
Filtrate Vapor Flash Drum 15'-O" IID. x 20'-0" 
Solvent Flash Drum .12'-0" I.D. x 2~'-0" 
Solvent Vapor Flash Drum 5'-0" I.D. x 15'-0" 
~ater Surge Dr~ 5'-0" I.D.'x 12'-O" 
Ma~e Up Gas ist Ste~e Condensate Dr~m I0'-0" I.D. x 12'-O" 
Make Up 3as 2nd Stage Condensate Drum 7'-6" I.D. x 12'-0" 
Solvent 7~or ist Ste~e Condensate 

Drum 3'-0" I.D. x 8'-0" 
Solvent Vapor 2nd Stag_e Condensate 

Drum 3'-0" I.D. x 8'-0" 
Preeoat Slur~r Vess~l 12'~0" I.D. x 22'-0" 
Fi~ter Drain Vessel 5'-0" I.D. x iO'-0" 

12~o/8ho 

Ie2O/37o 
1175/125 
~75/125 

500/575 

l-I/h Cr, 1/2 Mo. St1. 

SA-515-70, 1/8 C.A. 
SA-515-70, I/8 C.~. 
SA-515-70, I/8 C.A. 

SA-515-vO, i /~ C.A. 

~95/125 SA-515-70, i/8 C.A 
150/575 SA-515-?O, i/8 C.A. 
~0/575 S^-515-70, i/8 C.A: 
105/125 SA-515-7C, 1/8 C.A. 
16/570 SA-)95C 
21/125 SA-385C 

350/125 SA-515-70 
375/125 SA-515-70 
7351125 SA-515-70 

271125 SA-3~SC 

1161125 ~-385C 
321518 SA-385C 

5501300 SA-~&5-70 

Figure 6. Example of equipment list, 



b: 

01 
0 

Account 
Code 

1100 

1200 

1300 

;400 

ISO0 

1600 

1700 

1800 

1900 

2000 

2200 

2300 

2400 

;$00 

2100 

Descript ion 

Colusuls 

~'essels 

Heat Exchangers 
and Condensers 

Furn;:es, Heatersl 

P ~ s  and Drivers 

Ik~ilers 

Cooling Towers 

Coupressors and 
Blowers 

Stora|e Tanks 

Materials Ham- 
d l i n |  Equipment 

Separation 
Equipment 

Packa|e P lan ts  

A | i t a t o r s ,  Mixers 
and 61enders 

Reactors 
(All T~pes) 

Other Major 
Equipment 

Total Major 
Equipment Cost 

Coal 
Preparat ion 

Unit 10 

Materials  
and 

Expense 

C~al 
S lur ry ing  

~nd 
Pumping 
Unit 11 

Materials  
and 

Expense 

126,000 

22,000 

41,000 

1,000 

9,000 

Coal 
L iquefact ion 

~ d  
F i l t r a t i o n  

Unit 12 

Mater ia ls 
and 

Expense 

3,290,000 

2,995,000 

4,900,000 

2,008,000 

2,435,000 

62,000 

44,000 

Dissolver  
Acid Gas 

Removal 
Unit 13 

~ater~els  
and 

Expense 

2,550,000 

192,000 

1,2"84,000 

603,000 

157,000 

C~al 
L iquefact ion 
and Pz~duc~ 
D i s t i l l a t i o n  

Unit 14 

~la ter ia ls  
and 

Expense 

159,000 

18,000 

142,000 

226,000 

42,000 

Fuel Oil 
Hydro- 

gsna t ion  
Unit  13 

Mater ia l s  
and 

Expense 

29,000 

2,312,000 

1,I05,000 

182,000 

197,000 

1,270,000 

~a~htha 
Hydro- 

genat ion 
Unit  16 

H s t e r i a l s  
and 

Expense 

22,000 

]16,000 

I~5,000 

71,000 

39,000 

95,000 

3,100,000 

10,000 

4S,000 

4,000 

3.100,000 209,000 

4,740,000 

1,200,000 

21,678,000 

117,000 

4,948,000 587,000 5,095,000 S08,000 

Fuel Gas 
Sulfur 

Re.~oval 
Unit 17 

Materials 
and 

Expense 

126,000 

16,000 

184,000 

94,000 

lO,O00 

45,000 

488,000 

Figure 7. Example of detailed unit cost tabulation. 
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'Vne esth-nated rote of  project expenditures by semi- 
a.n.nua! periods is pre~nted in Figure 9 and the cumulative 
e~enditur~s are shown in Figure 10. The fund require- 
~ent schedule, as shown, does not include interest 
char~e~ for u.~ of the estimated Freed capital investment 
(~f $270 m~llion. "Fne fund drawdown schedule reflects the 
r~tes of fund e:qcer~d~tures as the project moves from con- 
c~tuzl er~ineerirag th rou~  detailed mech;mical engineer- 
in3, procurement, and construction phases based upon the 
project schedule pre,,fously shown. 

P~limin~r~/con:lus]~n~ 
Y,'h~e con~derable data are available for coal liquefac- 

tion, the specific conditions of recycle of  unfiltered dis- 
• ~roduct to form the feed coat slurry, is based upon 

ly few data runs. Therefore, additional work is 
to assure desi.~m yields and operab~ity of the pro- 

ce~. T'ne bas~s used for this design is essentially that 
e~t~blJ~d by the process development contractor. Crit- 
ical parz_~.=ter~ were: 

I. Recycle unfiltered liquid effluent from the dissolv- 
ers. 

2. Hydrogen consumption for the dissolving section is 
3 wt.-% of the coal feed. 

3~ Residence time for liquid in the preh'eater and dis- 
solver should be 1 hr. 

4. Use syngas (hydrogen plus carbon monoxide) to 
supply hydrogen requirements of the dissolving operation. 

5. Conversion, solid to liquid, of coal in the dissolver is 
91%. 

6. Use filtration on net dissolver product to remove 
undissolved solids from the product. Filter cake shall con- 
tain equal wei~hts of undissolved solid and liquid product. 

7. Preheater outlet and dissolver temperatures shall be 
9C0°F and 840°F, respectively. 

8. Solvent recycle rate shall be twice the weight of the 
coat feed. 

The limited laboratory results indicate that the use of 
unf'dtered solvent is attractive for both yield and charac- 
ter of liquid product from coal. The demonstration plant 
is designed on tiffs basis. As a consequence of  the recycle 
of undissolved material, the resultant product is lower in 
boiling point, is liquid at ambient temperatures, and is 
lower in sulfur content than if the recycle solvent were 
free of solids. A result of use of this scheme, vis-a-vis use 
of filtered recycle feed to the dissolver, is that the hydro- 
gen input to the coal is higher, tending to lower the 
plant's thermal efficiency. 

Additional data should be developed to define the resi- 
dence time required to achieve the liquefaction of the 
coal. It is lo#cal that residence time could be reduced if 
Iffg, her temperatures and possibly b_igher pressures were 
employed at the dissolvers. Sufi'icient data should be ol0- 
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rained to accurately establish the relationship between 
temperature and residence time. 

It is most critical that experiments be made to achieve 
equilibrium with regard to recycle liquid composition and 
quantity. Since prediction of yield, product quality, and 
ease of filtration are dependent upon accurate laboratory 
results, more laboratory or pilot plant work is required in 
this area. 

Runs should be made where equilibrium recycle liquid 
composition is attained with hydrogen gas and then 
syngas. It would be valuable to extend these data to in- 
clude the effect of higher temperature and shorter resi- 
dence times because the liquefaction section is a high 
capital investment area. More specifically, future labora- 
tory experiments should demonstrate the effects of pres- 
sure and gas rate on conversion. 

Gasification unit design is principally based upon sus- 
pension flow technology modified to maximize syngas 
production. Heat considerations that are a direct result of 
the mechanical design of the gasifier must be resolved. 
Heat loss value used in the design prepared for this report 
is 270 Btu./lb. of coal equivalent. Reported values from 
the various sources range from a heat loss of 55 to 1,200 
Btu./lb. of  coal. With higher heat loss, more oxygen is 
required and, consequently, more carbon dioxide is pro- 
duced. This question needs to be resolved before final- 
izing the design of the gasifier and its supporting facilities. 

The amount of liquid that must be carried with the 
f'tlter cake to make it pumpable and injectable into the 
gasifier should be determined. Laboratory experiments 
should be conducted using mixtures of dry filter cake and 
fdtrate at near pumping temperatures to determine the 
physical properties and flow and injection characteristics 
of the material. 

General conditions for desulfurization units have been 
taken from data on COED oil. The severity of desulfuriza- 
tion and the feed stock are less demanding in this design 
than would be the case for full-range COED oil. The tech- 
nology for this process is generally known but specific 
conditions for this stock are not precisely known. To 
assure reliability and performance of such a unit, actual 
feed stock for the unit should be derived from pilot plant 

operation and made available for at least a bench.scale 
test on the catalyst to be used. Specifically, laboratory 
testing should be conducted to determine to what extent 
~)rganometallic compounds are present in the feed and in 
what boiling range of the feed these materials exist. 

No provision has been made in this design for the pres- 
ence of organometallic compounds and their detrimental 
effect on catalyst performance and life, because the mate- 
nal desulfurized in this design boils below the tempera- 
ture where these compounds would be expected to appear 
in petroleum-derived liquids. 

The detailed design of the proposed demonstration 
plant would be in progress while the pilot plant at 
Tacoma is in operation. It is possible that many of the 
operating and quality questions can be answered and/or 
demonstrated by the performance of Tacoma, and we 
hc)pe that the schedule of the Tacoma pilot plant can be 
adjusted toward support of the demonstration plant de- 
sign. 

During the design assignment, analysis showed that it is 
p~ssible to produce desulfurized liquid fuels exclusively 
when using an alternative approach to syngas production. 
The current preliminary design employs gasification of a 
coal residue from the liquefaction plant for this purpose. 
One alternative is to use the offgases from the liquefac- 
tion plant for syngas production rather than for plant 
fuel. The coal residue could then be gasified, possibly 
with air, produce desulfurized Iow-Btu fuel gas for captive 
use. The heating values produced by this scheme can be 
absorbed in the total plant design without introducing a 
fuel imbalance. 

The design criteria did not permit purchase of hydro- 
carbon feedstocks for plant startup. Also, the plan is to 
include demonstration of production of syngas by gasifi- 
cation of coal or a coal-sourced solid in the design. These 
objectives could be achieved using the plant modification, 
for syngas described above. With this modification, the 
gasification operation is removed from the main produc- 
tion line and becomes a service plant producing fuel gas at 
low pressure. Such a service plant can be designed with as 
many parallel trains as are required to support a desired 
design service factor. # 

O'Hara Jentz 
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